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INTBODUCTION. 


T he Philosophy of Sciknce, if tlie phrase were to 
be understood in tlig comprehensive sense which 
most naturally offers itself to our thoughts, would 
imply nothing less than a complete insight into the 
essence and conditions of all real knowledge, and an 
exposition of the best methods* for tlic discovery of 
new truths. We must narrow and lower this concqv 
tion, fti order to mould it into a form in which we 
may make it the immediate object of our labours with 
a good hope of success; yet still it may be a rational 
and useful undertaking, to endeavour to make some 
julvaiice towards such a Philosophy,* even according to 
the most ample conception of it which we can foim. 
The present work has been written with a view of 
contributing, in some* int^asure, however Small it may 
be, t.»war(ls such an undertaking. • 

But in this, as in cvciy attempt to advance beyond 
the position wdiiclf we at present occupy, our hope of 
success must depend mainly upon our being able to 
profit, to the fullest extent, by the progress already 
made. We may best hope to undcritand the nature 
and conditions of real knowledge, by studying the nature 
and conditions of the most cei*tain and stable portions 
of knowledge which we already posae.ss: and we- are 
most likely to learn the best methods of discovering 
truth, by examining how tniths, now universally re- 
cognized, have really been discovered. Now there do 
exist among us doctrines of solid and acknowledged 
certainty, and trutlis of which the discovery has beerp 
r6ceiv€i^ with universal applause These constitute 
what we commonly term Sciences ; and of tliesc bodies 
of exact and enduring knowledge, we have within our 
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reach so large and varied a collection, that we may^ 
examine them, and the history of their fonnation, 
with a good prospect of (driving from the study such 
instruction as we seek. We may best hope to make 
some progress towards the Philosophy of Scidnee, by • 
employing ourselves upon The Philosophy of the 
Sciences. ^ 

The*^'a^e5 to wliich the name is most commonly 
and unhesitiiiingly given, are those which are con- 
^cerned about the material world; whether they deal 
with the celestial bodies, as .the sun imd stars, or the 
ejirth and its products, or the elements ; whether tJiey 
consider the differences which prevail among such ob- 
jects, or their origin, or their mutual operation. And 
in all these Sciences it is iamiliarly understood and 
assumed, that theii' doctrines are obtained by a common 
process of collecting general truths from pafticular 
observed facts, which process is termed Induction. It 
is further assumed that both in these and in other pro- 
vinces of knowledge, so long as this process is duly 
and legitimately performed, the results will be real 
substantial truth. And although this process, with the 
conditions under which it is legitimate, and the gene- 
ral Jaws of tSic formation of Sciouces, Avill lieretiiler be 
subjects of ‘discussion*!!! this work, I shall at present 
so far adopt the assumption of which I speak, as to 
give to the Sciences from wliich oifr lessons are to be 
collected the name bf Inductive Sciences. And thus 
it is that I am led ^o designate my work as Tjie Phi- 
losophy OF TlH>lNDtTC*riVE SCIENCES. 

The views res]txjctiiig the nature and jirogross of 
knowledge, towards wliich we shall be directed by such 
a course of inquiry as I have pointed out, tliough de- 
rived from those portions of human knowledge whicli 
are more peculiarly and tecimically termed Sciences, 
will by lao means be confined, in their bearing, to the 
domain of such Sciences as deal with the material 
•world, nor even to the whole range of Sciences now 
existing. On the contrary, we shall be led to i believe 
that the nature of tiuth is in all subjects the same, and 
that its discoveiy involves, in all cases, the like cpndi- 
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}ions. On one subject of hiftnan speculation after an- 
other, man’s knowl^ge assumes that exact and substan- 
tial character which leads usFto term it Science; and in 
all these cases, whether inert matter or living bodies, 

’ whether permanent re^ati&ns or successive occurrences, 
be the subject of our attention, we can point out cer- 
buifi universal characters which belongto truth, certain 
general laws which have regulated its progress among 
men. And we naturally expect that, even when we 
extend our range of speculation wider irtiill, when we < 
contemplate the world within us as well as the world 
without us, when we consider the thoughts and Jictious 
of men as well as the motions and operations of unin- 
telligent bodies, we shall still find some genei’al analo- 
gies which belong to the essence of truth, and run 
thivjugh the whole intellectual universe. Hence we 
have rdason to trust that a just Philosophy of the Sci- 
ences may throw light upon the nature and extent of 
our knowledge in every dcpai'tmcnt of human specula- 
tion. By considering whftt is the r^ import of our 
accpiisitions, where they are certain and dchnitcj, we 
may learn something respecting the difference between 
true knowledge and its precarious or illusory sem- 
blances; by examining the steps by which^such acqiii- 
sitioitt have been made, we may discover the conditions 
under which ti-uth is to be obtained; by tracing the 
boundary-line between our knowledge and our ignor- 
ance, we may asceitain in some measure the extent of 
the i^owers of man’s understanding.* • 

But it may be said, in such a design*thcre is nothing 
new; these are objects at which inquiring men have 
often before aimed. To determine the difference be- 
tween rejd and imaginary knowledge, tlie conditions 
under which we arrive at truth, the range of the 
powers of the human mind, lias been a favourite em- 
ployment of speculative men from the earliest to the 
m()st recent times. To inquire into the original, cer- 
tainty, and compass of man’s knowledge, the limits of 
Ids capacity, the strength and weakness of his reason, 
has been the professed jrarpose of many of the most 
conspicuous and valued lalmurs of the philosophers of 



6 PHILOSOPHY OP INDUCTIVE SCIENCES. 


all periods up to our owrfday. It may appear, there-, 
fore, that there is little necessity to add one more to these 
numerous essays ; and littm hope that any new attempt 
will make any veiy important addition to the stores of 
thought upon such questions, Tfliich have been accu- * 
mulated by the profoundest and acutest thinkers of all 
ages. . ^ 

To this Treply, that without at all disparaging the 
value or importance of the labours of those who have 
c previously written respecting the foundations and con- 
ditions of human knowledge; it may still be possible to 
add something to what they have done. The writings 
of all great philosophers, up to our own time, fonn 
a series which is not yet terminated. The books and 
systems of philosophy which have, each in its own 
time, won the admiration of men, and exercised a 
powerful influence upon their thoughts, have had ciach 
its own part and functions in the intellectual history of 
the world ; and other labours which shall succeed these 
may also have thojr proper office and useful effect. We 
may not be able to do much, and yet still it may be in 
our power to effect something. Perhaps the veiy 
advances made by former inquirers may have made it 
possible for, us, at present, to advance still further. In 
. the discovery of tnith, in the development of Inan’s 
mental power's and privileges, each generation has its 
assigned part; and it is for us to endeavour to perform 
our portion of this peqretual task of our species. Al- 
though*the terms which describe our undertaking may 
be the same wflich have often been employed by pre- 
vious writers t(' express their purpose, yet our position 
is different from theirs, and thus the result may be 
different too. We have, as they had, to run our aj)- 
propriate course of speculation with the exertion of 
our best powers ; but our course lies in a more advanced 
port of the great line along which Philosophy travels 
from age to age. However familiar and old, therefore, 
1)6 the design of such a work as this, the execution 
may have, and if it be performed in a maimer ouitable 
to the time, will have, something that is new and not 
unimportant. 
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Indeed, it appears to bf absolutely necessary, in 
‘order to check the prevalence of grave and pernicious 
errour, that the doctrines vntich are taught concerning 
the foundations of human knowledge and the powers 
* of the human mind, ^hofiild be from time to time re- 
vised and corrected or extended. Erroneous and par** 
views are promulgated and accepted ; pne portion 
or the truth is insisted upon to the undue* exclusion of 
another; or principles true in themselUfes are exagge- 
rated till they produce on men’s minds the effect of^ 
falsehood. When evils of tliis kind have grown to a 
serious height, a Reform is requisite. The faults of 
the existing systems must be remedied by correcting 
what is wrong, and supplying what is wanting. In 
such cases, all the merits and excellencies of the labours 
of the preceding times do not supersede the necessity, 
of putting forth new views suited to the emergency 
which has arrived. The new form wliich errour has 
assumed makes it proper to endeavour to give a new 
and corresponding form to truth. Thus the mere pro- 
gress of time, and the natural grovfth of opinion from 
one stage to anothe^ leads to the production of new 
systems and forms of pliilosophy. It will be found, I 
think, that some of tthe doctrines now ’most widely 
prevalent respecting the foundations and nature of 
truth are of such a kind that a Refoim is needed. 
The present age seems, by manv indications, to be 
called upon to seek a sounder rhilosophy of Know- 
ledge than is now current among^us. To contribute 
towards such a Philosophy is the obj«5t of the present 
work. The work is, therefore, like all works which 
take into accoimt the most recent forms of speculative 
doctrine, invested with a certain degree of novelty in 
its aspe^ and import, by the mere time and circum- 
stances of its appearance. 

But, moreover, we can point out a very iftiportant 
peculiarity by which this work is, in its design, distin- 
guished from preceding essays on like subjects ; and this 
difference appears to be of such a kind as may well 
entitle us to expect some substantial addition to our 
knojivledge as the result of our labours. The peculiarity 
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of which I speak has alr^y been announced; — ^it is^ 
this : that we purpose to collect our doctrines concern-^ 
ing the nature of knowledge, and the best mode of 
acquiring it, from a contemplation of the Structure 
and Histoiy of those Scienceft> (the Material Sciences), 
which are universally recognized as the clearest and 
surest exan^ples of knowledge and of discovciy. It ^ 
by surveying and studying the whole mass of such 
Sciences, and the various steps of their progress, that 
^wc now hope to approach to the true J?hilosophy of 
Science. 

Now this, I venture to say, is a new method of pur- 
suing the philosophy of human knowledge. Those who 
have hitherto endeavoured to explain the nature^ of 
knowledge, and the process of discoveiy, have, it is true, 
often illustrated their views by adducing special exam- 
ples of truths which they conceived to be established, 
and by referring to the mode of their establishment. 
But these examples have, for the most pari, been taken 
at random, not selected according to any principle or 
system. Often they have involved doctnnes so preca- 
rious or so vague that they confused rather than eluci- 
dated the subject; and instead of a single difficulty, — 
What is the' nature of Knowledge? these attempts at 
illustration introduced Wo, — ^What was the true analy- 
sis of the Doctrines thus adduced? and, — Whether they 
might safely be taken as types of real Knowledge? 

This has usually been the ca>se when there have 
been adduced, as stsiidard examples of the formation 
of human knowledge, doctrines belonging to supposed 
sciences other th.m the material sciences ; docti ines, for 
example, of Political Economy, or Philology, or Morals, 
or the Philosophy of the Fine Arts, I am very far 
from thinking that, in regard to such subjects, there are 
no important truths hitherto established : but it would 
seem thdt those truths which have been obtained in 
these provinces of knowledge, have not yet been fixed 
by means of distinct and permanent phraseology, and 
sanctioned by universal reception, and formed into a 
connected system, and traced through the steps of their 
gradual discovery and establishment, so as to make 
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them instructive examples of the nature and progress 
•of truth in general. Hereafter we trust to be able to 
show that the progress of in#ral, and political, and phi- 
lological, and other knowledge, is governed by the same 
» laws as^that of physiq^d sfieiice. But since, at present, 
the former class of subjects are full of controversy, doubt, 
^d obscurity, while the latter consist of undisputed 
tmtlis clearly understood and expressed, iff maytbe con- 
sidered a wise procedure to make thea latter class of 
doctrines the basis of our speculations. And on the 
having taken this course, is, in a gre^t measure, my* 
hope founded, of obtaining valuable truths which have 
escaped preceding inquirers. 

®ut it may be siiid that many preceding writers on 
the nature and progress of knowledge have taken their 
examples abundantly from the Physical Sciences. It, 
woulibe easy to point out admirable works, which have 
ap^icared during the present and former generations, in 
wliich instances of discovery, borrowed from the Physi- 
cal Sciences, are introduced in a manner most happily 
instructive. And to the works in -^hich this has been 
done, T gladly give my most cordial admiration. But at 
tlic same time I may’ venture to remark tliat there still 
remains a difference between my design and theirs : and 
that*! use the Physical Science^ as exemplifications of 
the general progress of knowledge in a manner very 
materially diflereut from the course which is followed 
in works such as are now referred to. For the conclu- 
sions stated in the present work, respecting ki|pwlcdge 
and discovery, are drawn from a coTwiBCted and syste- 
maiic survey of the wJwle range of Physical Science and 
its History: whereas, hitherto, philosophers have con- 
tented themselves with adducing detached examples of 
scientific doctrines, drawn from one or two departments 
of science. So long as we select our examples in this 
arbitrary and limited manner, we lose the best part of 
that philosophical instruction, which the sciences are 
fitted to afford when we consider them as all members 
of on^ series, and as governed by rules which are the 
same for all. Mathematical and chemical truths, phy- 
sical and physiological doctrines, tlie sciences of classifi- 
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cation and of causation, n^st alike be taken into our 
account, in order that we may learn what are the gene-' 
ral characters of real knowledge. When our conclusions 
assume so comprehensive a shape that they apply to a 
range of subjects so vast and varied as these, ^ & may 
feel some confidence that they represent the genuine 
form of universal and permanent truth. But if ouj: 
exempKrficatfon is of a narrower kind, it may easily 
cramp and dislrorb our philosophy. We may, for in- 
stance, render our views of truth and its evidence so 
*rigid and confined as to be quite woi’thless, by founding 
them too much on the contemplation of mathematical 
truth. We may overlook some of the most important 
steps in the general course of discovery, by fixing Air 
attention too exclusi^ly uj)on some one conspicuous 
group of discoveries, as, for instance, those of Newton. 
We may misunderstand the nature of physioli^gical 
discoveries, by attempting to force an analogy between 
them and discoveries of mechanical laws, and by not 
attending to the intennediate sciences which fill up the 
vast interval between these extreme terms in the series 
of material sciences. In these and in many other 
ways, a partial and arbitrary reference to the material 
sciences in our inquiry into human knowledge may 
mislead us; or at least ’■may fail to give us those wider 
views, and that deeper insight, which should result 
from a systematic study of the whole range of sciences 
with tliis particular onjcct. 

The design of the following work, then, is to form a 
Philosophy of Science, by analyzing the substance and 
examining the progress of the existing body of the 
sciences. As p. preliminary to this undertaking, a sur- 
vey of the history of the sciences was necessary. This, 
accordingly, I have already performed; and the result 
of the labour thus undertaken has been laid before the 
public a»a History of the Inductive Sciences. 

In that work I have endeavoured to trace the steps 
by which men acquired each main portion of that 
knowledge on which they now look with so^much 
confidence and satisfaction. The events which that 
History relates, the speculations and controversies 
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^ which ore there described, |iid discussions of the same 
kind, far more extensive, whicli are there omitted, 
must all be taken into ourfaccount at present, as the 
prominent and standard examples of the circumstances 
which •attend the pxogriss of knowledge. With so 
much of real historical fact before us, we may hope to 
«2oid such views of the processes of the l^uinan mind 
as are too partial and limited, or too vague aiBi loose, 
or too abstract and unsubstantial, to rejircscnt fitly the 
real forms of discovery and of truth. ^ 

Of former attempts, made with the same view of 
tracing tlie conditions of the progress of knowledge, 
that of Bacon is perhaps the most consjucuous : and 
labours on this subject were opened by his book 
on the Advancement of Learning ^ which contains, 
among other matter, a survey of the then existing, 
state T)f knowledge. But this review was undertaken 
rather with the object of ascertaining in what quarters 
future advances were to be hoped for, than of learning 
by wliat means they w^e to be made. His examina- 
tion of the domain of human knowledge was conducted 
rather with the view of discovering what remained 
undone, than of finding out how so much had been 
done. Bacon’s sui*vey was made for the purpose- of 
tracing the , boundaries, rathe# than of tietectmg the 
principles of knowledge. will now attempt,’^ lie 
says*, ^to make* a general and faithful perambulation 
of learning, with an inquiry what parts thereof lie 
fresh and wa.ste, and not improved and con\^i*ted by 
the industry of man ; to the end tha> such a plot made 
and recorded to memory, may both minister light to 
any public designation, and also serve to excite volun- 
taiy endeavoui’s.’ Nor will it be foreign to our scheme 
also hereafter to examine with a like purpose the fron- 
tier-line of man’s intellectual estate. But the object 
of our perambulation in the first place, is no^ so much 
to determine the extent of the field, as the sources of 
its fertility. We would learn by what plan and rules 
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of culture, conspiring wi^i tlie native forces of the^ 
l)Ounteous soil, those rich harvests have been produced 
which fill our gamers. Blkson’s maxims, on the other 
hand, respecting the mode in which he conceived that 
knowledge was thencefoi-th to*be «ultivated, haVeJittle 
reference to the failures, still less to the successes, 
which are ijccorded in his Review of the learning gf 
his timfi His precepts are connected with his histori- 
cal views in slight and unessential manner. His 
Philosophy of the Sciences is not collected from tlie 
Sciences which' are noticed in his siiiwcy. Nor, in 
truth, could this, at the time when he wrote, liave 
easily been otherwise. At that pcnod, scarce any 
branch of physics existed as a science, except Astro- 
nomy. The rules which Jkicon gives for the conduct 
of scientific researches are obtaincSl, as it were, by divi- 
nation, from the contemplation of subjects with ifegavd 
to which no sciences as yet were. His instances of 
steps rightly or wrongly made in this path, are in a 
great measure cases of his own devising. ' He could 
not have exemplified his Aphorisms by references to 
treatises then extant, on the laws of nature ; for tlie 
constant burden of liis exhortation is, that men up to 
his time had almost universally fallowed an erroneous 
course. And however*’ we may admire the sagapcity 
with which he pointed the way along a better path, 
we have this great advantage over him ; — thiit we c^in 
interrogate the many travellers who since his time 
have journeyed on this road. At the present day, 
when we have tRider our notice so many sciences, 
of such wide extent, so well established; a Philoso- 
phy of the Sciences ought, it must seem, to be found- 
ed, not upon conjecture, but upon an examination of 
many instances; — should not consist of a few vague 
and unconnected maxims, difficult and doubtful in 
their application, but should form a system of which 
every part has been repeatedly confined and veri- 
fied. 

This accordingly it is the purpose of the present 
work to attempt. But I may further observe, tliat as 
my hope of making any progress in this undertaking is 
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founded upon the design of ij^eeping constantly in view 
*the whole result of the past histoiy and present con- 
dition of science, I have alsil been led to draw my les- 
sons from iiiy examples in a maimer more systematic 
* and w^ilar, as appears tft me, than has been done by 
precemng writers. Bacon, as I have just said, was led 
^ his maxims for the promotion of Imowlfdge by the 
sagacity of his own mind, with Httle or no aM from 
previous examples. Succeeding philoso|ftiers may often 
have gathered useful instruction from instances of, 
scientific truths and discoveries which they adduced, 
but their conclusions were drawn from their instances 
casually and arbitrarily. They tf)ok for their moral 
any which the story might suggest. But such a pro- 
ceeding as this cannot suffice for ns, whose aim is to 
obtain a consistent body of philosophy from a contem- * 
platioA of the whole of Science and its History. For 
our purpose it is necessaiy to resolve scientific truths 
into their conditions and ingredients, in order that we 
may see in what mannct each of those has boon and is 
to be jn'ovided, in the cases whic6 we may have to 
consider. This accordingly is necessarily the first part 
of our task : — to ayialyae Scientific Tndh into Us Ele- 
ments, Tliis attcm^)* wiD occupy the ehrlicr ]iortion 
of the pi'esent work ; and will necessaiily be somewhat 
long, and perhaps, in many paints, abstruse and unin- 
viting. The risk of such an inconvenience is inevit- 
able; for the inquiry brings before us many of the 
most dark and entangled questijpns in wlikli men 
have at any time busied themselvcS. And even if 
these can now be made clearer and plainer than of 
yore, still they can be made so only by means of men- 
tal discipline and mental effort. Moreover this analy- 
sis of scientific truth into its elements contains mucli, 
both in its principles and in its results, different from 
the doctrines most generally prevalent amofig us in 
recent times : but on that very account this analysis is 
an essential part of the doctrines which I have now to 
lay before the reader : and I must therefore crave his 
indulgence towards any portion of it which may ap- 
pear to him obscure or repulsive. 
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There is another circufistauce which may tend to 
make the present work less pleasing than others on the 
same subject, in « the natul<9 of the examples of human 
knowledge to which I confine myself j all my instances 
being, as I have said, taken fl^omr the material dmpices. ' 
For the truths belonging to these sciences are, mr the 
most part, fieither so familiar nor so interesting to 
bulk of readers as those doctrines which belong to some 
other subjects* Every general pro][X)sition concerning 
^.politics or mo^s at once stirs up an interest in men’s 
bosoms, which makes them listen with curiosity to the 
attempts to trace it to its origin and foundation. Evciy 
rule of art or language brings before the mind of culti- 
vated men subjects of familiar and agreeable thought, 
and is dwelt upon with pleasure for its own sake, as 
well as on accoimt of the philosophical lessons which it 
may convey. But the curiosity which regards the 
truths of physics or chemistry, or even of physiology 
or astronomy, is of a more limited and less animated 
kind. Hence, in the mode of inquiry which I have 
prescribed to myself, the examples which I have to 
adduce will not amuse and relieve the reader’s mind 
as much as they might do, if I could allow myself 
to collect thto from the whole field of human know- 
ledge. They will have in them nothing to engage 
his fancy, or to warm his heart. I am comj)elled to 
detain the listener in the chilly air of tlie external 
world, in order that we inay have the advantage of 
full daylight. 

But although cannot avoid this inconvenience, so 
far as it is one, [ hope it will be recollected how great 
are the advantages which we obtain by tliis restriction. 
We are thus enabled to draw all our conclusions from 
doctrines which are miiversally allowed to be emi- 
nently certain, clear, and definite. The portions of 
knowledge to which I refer are well known, and well 
established among men. Their names are familiar, 
their assertions uncontested. Astronomy and Geology, 
Mechanics and Chemistry, Optics and Acoustics, Biy- 
tany and Physiology, are each recognized as large and 
substantial collections of undoubted truths. Men , are 
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wont to dwell with pride an#J triumph on the acqidsi- 
fions of knowledge which have been made in each of 
these provinces; and to speJhc with Qpnhdence of the 
certainty of their results. And all can easily learn in 
'*what ^j^ositories thes& treasures of human ^owledge 
are to be found. When, therefore, we begin our in- 
quiry from such examples, wo proceed up^n a solid 
fo\mdation. With such a clear ground of couMcnce, 
we shall not be met with general assertions of the 
vagueness and uncertainty of human knowledge; with 
the question. What truth, is, and How we are to re- 
cognize it; with complaints conceming the hopeless- 
ness and unprofitableness of such re^eai-ches. We have, 
at least, a definite problem before us. We have to 
examine the structure and scheme, not of a shapeless 
mass of incoherent materials, of which we doubt 
whethtil: it be a ruin or a natural wilderness, but of 
a fair and lofty palace, still erect and tenanted, where 
hundreds of different apartments belong to a common 
plan, where every generation adds something to the 
extent and nuignificence of the pile. The cei-tfdnty 
and the constant progress of science are things so un- 
questioned, that wo are at least engaged in an intel- 
ligible inquiry, when# we are examining the grounds 
and nature of that certainty, tile causes And laws of 
that progress. 

To this inquiiy, then, w^ now proceed. And in 
entering upon this task, however dur plan or our prin- 
ciples may differ fi’om those of the e\pinent philosophers 
who have endeavoured, in our own or 4n former times, 
to illustrate or enforce the pliilosophy of science, we 
most willingly acknowledge them as in many things 
our leaders and teachers. Each reform must involve 
its own peculiar principles, and the result of our at- 
tempts, so far as they lead to a result, must be, in some 
respecl^ different from those of former works. But 
we may still shore with the great writers who have 
treated this subject before us, their spirit of hope and 
trust, their reverence for the dignity of the subject, 
their belief in the vast powers and boundless destiny 
of n^jan. And we may once more venture to use the 



1 6 PHILOSOPHY OF INDUCJIVE SCIENCES. * 

words of hopeful exhort^ion, with which the greatest 
of those who h<ave trodden this path encouraged him- 
self and his followers whAi he set out upon his way. 

* Concerning ourselves we speak not; hut as touch- 
ing the matter which we hat'c in hand, this wfe ask ; — * 
that men deem it not to he the setting up an Opinion, 
hut the p<irformiiig of a Work : and that they reegi^e 
this aS a certainty; that we are not laying the founda- 
tions of any 'sect or doctrine, hut of the pnjfit and 
dignity of m^kind. Furthermore, that being well 
disposed to what shall advantage themselves, and put- 
ting off factions and prejudices, they take common 
counsel witli us, to the end that being by these our 
aids and appliances freed and defended from wander- 
ings and impediments, they may lend their hands also 
to the labours which remain to be {)erformcd ; and yet 
fui*ther, that they be of good hope; neither Imagine 
to themselves this om* Tlefovm fis something of infinite 
dimension, and beyond the grasp of mortal man, when 
in truth it is the end and true limit of infinite erroiu*; 
and is by no means unmindfiil of the condition of mor- 
tality and humanity, not confiding that such a tiling 
can be caiTied to its perfect close in the space of one 
single ago,' but assigning it as a task to a succession of 
generations.’ 

[The Pliilosopliy of the Inductive Sciences, accord- 
ing to our view, must be founded upm the History of 
such Sciences ; which history we have attempted in a 
formePiWork. Tlu? events of that history may be de- 
scribed genera llj as the rise of Theories out of Fjicts. 
But besides this^ which we may tenn the external his- 
tory of Theories, there is an internal history of Theories, 
namely, the series of steps by which the human mind 
becomes capable of forming each Theory. Hence to 
complete the History of the Sciences as derived from 
Facts, reciuire a history of the Ideas by which such 
deiivation h;is been made possible : and thus, the 
Pwrt of our Philosophy must be a History of Shientifio 
Ideas ; — labour no less historical than our-, former 
work, and concerned with the same events ; but which 
has lieen purposely kept separate during the composi- 
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tion, in order that it might afterwards presented in 
*a more systematic form, wlJch I have here attempted 
to do. ® 

Scientific Ideas are*the Conditions of the derivation 
• of Sciefices from Facts*: blit can any method or methods 
be given by which such a Derivation can be ensured, or 
ajt least, aided? Many such methods have# been pro- 
posed; of which the most celebrated is the ifovum 
Organon of Bacon, of which the title vfas intended to 
imply that its scope goes much beyond Organon of f 

Aristotle. With the experience of the formation of 
Science which the world lias had *since Bacon’s time, it 
docs not appear presumptuous to siyipose that we can 
now improve or correct liis methods ; nor to term such 
an att(unpt Nomim Organon Renh^vatum, 

TJio Philosophy of the IndiJt^bive Sciences, then, 
contaitts these two parts. The History of Scimtijic Ideas, 
and the Novum Organom Itenovatum!] 


VOL. I. 




THE 


PHILOSOPHY 

OF THE 

INDUCTIVE SCIENCES. 


PART T. 

HISTORY OF. SCIENTIFIC ILrEAS. 


[We have just spoken of Tlteorie!^ and Facts, of Ideas 
and Facts, and of Ir^ductive Sciences, which imply the 
opposition of Iruluction and Deduction^ The oxpLina- 
tion of these antitheses must be the starting point of 
our rhilosoj)hy.] 



[Knowledge grows, and] through the ages one increasing pur^ 
pose runs, 

And the thoughts of men are widen’d with the process of the 
Suns. 
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Quai adhuc invonta sunt in Scientiis, ca hujusmodi sunt ut 
Notionibus Vulgaribua fere aubjaccant ; ut vero ad interiora et 
fcmotiora Nature penetretur, neccsse est ut tain Notionka 
quam Axiomata. niagis certS. et munit^ vi& a particularibus 
abstrahantur ; atqife omnino mclior et ccrtior intellect's adope- 
ratio in usum vcniat. 


Bacon, Kov, Lib. I. Aphor. xviii. 



BOOK I. 


OF IDEAS IN GENERAL. 


CJIAPTER I. 

Op the Fundamental Antithesis of Philosophy. 

Sect I. — Thoughts and Things. 

I N order that we may do aomething towards deter- 
mining the nature and conditions of human know- 
ledge, (which I have already stated as the puri)osc of this 
work,) I shall have to refer to an antithesis or opposi- 
tion, which is familiar and generally recognized, and in 
which the distinction of tlie things opposed to each 
other is commonly considered very clear a^id plain. T 
shjill have to attempt*to make this opposition sharper 
and stronger than it is usually conceiveil, and yet to 
shew that the distinction is far from being so clear and 
definite as it is usually assumed t^^ be : T shall have to 
point the contrast, yet shew tlmt the tilings which are 
contrasted cannot be separated : — I*mpst expLiin that 
the antithesis is constant and essentitd, but yet that 
there is no fixed and permanent line dividing its mem- 
bers. I may thus appear, in different parts of ray 
discussion, to be proceeding in opposite dii*ection8, but 
I hope that the reader who gives me a patient attention 
will see that both steps le^ to the point of .view to 
which I wish to lead him. 

The antithesis or opposition of which I speak is 
denoted, with various modifications, by various pairs of. 
terms : I shall endeavour to shew the connexion of these 
different modes of expression, and I will begin with that 
fonn«which is tlie simplest and moat idiomatic. 
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The simplest and most|idiomatic expression of the^ 
antithesis to which I refei^s that in which we oppose* 
to each other Things and thoughts. The opposition 
is familiar and plain. Our thoughts ai'e something 
which belongs to ourselves; seftnething wliich takes * 
place within us; th^ are what think; they are ac- 
tions of oul* minds. Things, on the contrary, are sojp/> 
thing different from ourselves and independent of us ; 
something which is without us ; they are; we see them, 
f touch them, and thus know that they exist; but we do 
not make them by seeing or touching them, as we make 
our Thoughts by thinking thehi; we arc passive, and 
Things act upon our organs of perception. 

Now what I wish especially to remark is this : that 
in all human KNOwfiEDGE both Thoughts and Things 
are concerned. In every i)ai*t of my knowledge there 
must be some thing about which I know, and ah inter- 
nal act of 7 m who know. Thus, to take simple yet 
definite parts of our knowledge, if I know that a solar 
year consists of 3^5 days, or a lunar month of 30 days, 

I know something about the sun or tlio moon; namely, 
that those objects perform certain revolutions and go 
through certain changes, in those numbers of days ; but 
I count su^k numbei?4 and coneeive such revolutions 
and changes by acts of my own thoughts. And both 
these elements of my knowledge are indispensable. If 
there were not such external Tilings as the sun and 
the moon I could not have any knowledge of the pro- 
gress 6f time as marked b^ them. And however regu- 
lar were the motions of the sun and moon, if I could 
not count their appearances and combine their changes 
into a cycle, or if I could not understand this when 
done by other men, I could not know anything about a 
year or a month. In the former case I might be con- 
ceived as a human being, possessing the human powers 
of thinking and reckoning, but kept in a dark world 
with nothing to mark the progress of existence. The 
latter is the case of brute animals, which see the sun 
and moon, but do not know how many days make a 
month or a year, because they have not human ]>owers 
of thinking and reckoning. 
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The two elements which are essential to our know- 
ledge in the above cases, are|iecessary to human know- 
ledge in all cases. In all cases, Knowledge implies a 
combination of Thoughts and Things. Without this 
combination, it would not be Knowledge. Without 
Thoughts, there could be no connexion ; without Things, } 
th^^-e could be no reality. Thoughts and Things are so 
intimately combined in our Knowledge, tliat we \lo not 
look upon them as distinej. One single act of the 
mind involves them botli; and their contrast disap- ^ 
pears in their union. 

But though Knowledge requires the union of these 
• two elements, Philosophy requires the separation of ( 
them, in order that the nature and stmeture of Know- ^ 
ledge may be seen. Therefore I* begin by considering 
this separation. And I now proceed to speak of an- . 
other way of looking at the antithesis of which I have 
spoken; and which I may, for the reasons which I have 
just mentioned, call the Fundamental Antithesis op 
Philosophy, 

Sect 2. — Necessary and Experiential T^utlis, 

Most persons arc familiar with the distindbion of n£ccs- 
sary and contingent truths. The fonndt kind arc 
Tniths which' cfiJinot but be true; as that 19 and ti 
make 30 ; — ^that parallelograms upon the same base and 
between the same parallels are equal; — tliat all the 
angles in the same segment of a circle are equal* The 
latter arc Truths which it happens [coMingii) are true ; 
but which, for anything which we can see, might have 
been otherwise; as that a lunar month contains 30 
days, or that the stars revolve m cii’clcs round the pole. 
The latter kind of Truths are learnt by experience, and 
hence wo may call them JTruths of Experience^ or, for 
the sake, of convenience, Experiential Truths,* in con- 
trast with Necessary Truths. 

Geometiical propositions are the most manifest ex- 
amples# of Necessary Truths. All pci'sons who have 
read and understood the elements of geometiy, know 
thatfthe propositions above stated (that parallelograms 
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upon the same base and.between the same pardlels 
are equal ; that all the anf les in the same segment of a 
circle are equal,) are necessarily true ; not only they are 
true, but they mmt he true, lie meaning of the term>s 
being understood, and the proof being gone through, * 
the truth of the propositions must be assented to. We 
learn these propositions to be true by demonstratyns 
deduct from definitions and axioms; and when we 
liave thus leafnt them, we see that they could not be 
^ otherwise. In^the same manner, the truths which con- 
cern numbers are necessary truths : 19 and 1 1 not only 
do make 30, but must make that number, and cannot 
make anything else. In the same manner, it is a necos- 1 
sary tnith that half the sum of two numbers added to 
half their difference in* equal to the greater number. 

It is easy to find examples of Experiential Truths; — 
propositions which we Imow to be true, but kfiow by 
experience only. We know, in this way, that salt will 
dissolve in water; that plants cannot live without light ; 
— ^in short, we know in this way all that we do know 
dn chemistry, physiology, and the material sciences in 
general. I take the Sciences os my examples of human 
knowledge, rather than the common truths of daily life, 
or moral or {)oUtical truths; because, though the latter 
are more generally interesting, the former are much 
more definite and certain, and therefore better starting- 
points for our speculations, as I have already said. And 
we may take elementary astronomical truths as the 
most familiar exaq^ples of Experiential Tmths in the 
domain of sclent. 

With these examples, the distinction of Necessary 
and Experiential Truths is, I hope, clear. The former 
kind, we see to be true by thinking about them, and 
see that they could not be otherwise. The latter kind, 
men could never have discovered to be true without 
looking^t them ; and having so discovered them, still no 
one will pretend to say they might not have been other- 
wise. For aught we can see, the astronomical truths 
which express the motions and periods of the sun, 
moon and stars, might have been otherwise. If we had 
been placed in ano&er part of the solar system, ouc ex- 



FUNDAMENTAL ANTITHESIS OF PHILOSOPHY. 27 

»pcriential trutlis respecting tjp.3r8, years, and the motions 
of the heavenly Levies, wo^d have been other than 
they are, as we know from astronomy itself. 

It i§ evident that t^is distinction of Necessary 
and Experiential Trdths involves the same antithesis 
which we have already considered ; — ^the antithesis of 
Thoughts and Things. Necessaiy Truths are derived 
from our own Thoughts : Experiential truths lire de-, 
lived from our observation of Things 2 bout us. The' 
opposition of Necessary and Experiential Truths is, 
another aspect of the Fundamental Antithesis of Phi- 
losophy. 


Sect. 3, — Deduction anjd Induction. 

I HAVE already stated that geometrical truths are csta- . 
blisheS by demonstrations deduced from definitions 
and axioms. The tenn Deduction is specially applied 
to sucli a course of demonstration of tniths from defi- 
nitions and axioms. In the case of the parallelograms 
uix)n the same base and between the same parallels, we 
prove certain trianglps to be equal, by supposing them 
placed so that their two bases have the same extremi- 
ties ; and hence, referring to an Axiom respecting 
straight lines, we infer that tnc bases coincide. AVc 
combine these equal triangles with other equal spaces, 
and in this way make up both the one and the other of 
the parallelograms, in such a manner as to shew that 
they are equal. In this manner, gping on step by step, 
deducing the equality of the triangldft from the axiom, 
and the equality of the parallelograms from that of the 
triangles, we travel to the conclusion. And this pro- 
cess of successive deduction is the scheme of all geome- 
trical proof. We begin with Definitions of the notions 
wliich we reason about, and with Axioms, or self-evident 
truths, respecting these notions ; and we ge<i by rear 
soiling from these, other truths which are demonstra- 
tively evident \ and from these truths again, others of 
the sahie kind, and so on. We be^n with our own 
Thoughts, which supply us with Axioms to start from ; 
and we reason from these, till we come to propositions 
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which are applicable to the Things about us; as for, 
instance, the propositions inspecting circles and spheres 
applicable to the motions of the heavenly bodies. Tliis 
is Dtduciiony or Deductive Reasoning, 

Experiential truths are acquirfcd in a very different 
. way. In order to obtain such tniths, we begin with 
Things. In order to leain how many days there arOfifi 
a year, ^r in a lunar month, we must begin by observing 
the sun and tin?' moon. We .must observe their changes 
Sday by day, aiiij try to make the cycle of change lit into 
some notion of number which' we supply from our own 
Thoughts. We shall find that a cycle of 30 days nearly 
will fit the changes of phase of the moon; — that a cycle 
of 365 days ncai'ly ^vill fit the changes of daily motion 
of tlio sun. Or, to "go on to experiential truths of 
which the discovery comes within the limits of tlie his- 
toiy of science — ^we shall find (as Hipparchus found) 
that the unequal motion of the sun among the stars, 
such as observation shews it to be, may be fitly repre- 
sented by the notio;i of an eccentric ; — a circle in which 
the sun has an equable annual motion, the spectator 
not being in the center of the cijrcle. Again, in the 
same uuinuerj at a later period, Kepler started from 
more exact observation!^ of the sun, and compared them 
with a supposed ^notion in a cciiiain ellipse ; and was 
able to shew tliat, not a circle about an eccentric point, 
but an ellipse, suppliejl the mode of conception which 
truly agreed with the motion of the sun about the 
earth ; er rather, as «Coperuicus had already shewn, of 
the earth about Hhe sun. In such cases, in which 
truths are obtained by beginning from observation of 
extermd things and by finding some notion with which 
the Things, as observed, agree, the truths are said to 
be obtained by Induction, The process is an Inductive 
Process, 

The contrast of the Deductive and Inductive pro- 
cess is obvious. In the former, we proceed at each step 
from general truths to particular ajiplicatioiis of them ; 
in the latter, from particular observations to a ^neral 
truth which includes them. In the former case we 
mav be said to reason doumioa/rds^ in the latter cose, 
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upwmda; for general notions are conceived as stand- 
■ing above particulars. Ne^ssary truths are proved, 
like arithmetical sums, by adding together the portions 
of which they consist. An inductive truth is proved, 

» likoithd guess which riiis^ers a riddle, by its agreeing 
with the facts described. Demonstration is irresistible 
ii^ its effect on the belief, but does not produce surprize, 
beefause all tl\e steps to the conclusion are exhibited, 
before we arrive at the conclusion. Ttiductive infer- 
ence is not demonstrative, l)ut it is ofteq more striking ^ 
than (hunon strati ve reasordng, because the intermediate 
links between the particulars and the inference are not 
g shewn. Deductive truths are the results of relations 
amtiiig our own Thoughts. Inductive truths are rela-- 
tions \rhicli we discern among existing Things ; and 
thus, this opposition of Deduction and Induction is 
again rtn aspect of the Fundamental Antithesis already 
spoken of. 


^ Sect, 4 . — Theories and f'acts. 

General experiential Truths, such as we have just 
spoken of, are calltMl Theories^ and the particular obser- 
vations from which .they arc collected,* and which 
they include and explain, arc called * Thus Hij)- 

parchiis’s doctrine, tliat the sun moves in an eccentric 
about the earth, is Ms Theory of the Sun, or the Eccen- 
trie Theory, The doctrine of K6pler, that the Earth 
moves in an Ellipse about the Suii^ is Kepler's Theory 
of the Earth, the Elliptical Theory. Njewton’a doctrine 
that this elliptical motion of the Earih about the Sun 
is pi'oduced and governed by the Sun’s attraction upon 
the Earth, is the Newtonian theory, the Theory of 
Attraclwn, Each of these Theories was accepted, be- 
cause it included, connected and explained the Facts; 
the Facts being, in the two former cases, the motions 
of the Sun as observed; and in the other case, the 
elliptical motion of the Earth as knowui by Kepler’s 
Theory.. This antithesis of Theory and Fact is included 
in what has just been said of Inductive Propositions. 
A Theory is an Inductive Proposition, and the Facts 
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are the particular observations from which, as I have 
said, such Propositions ar^ inferred by Induction. The 
Antithesis of Theory and Fact implies tlie fundamen- 
tal Antithesis of Thoughts and Things; for a Theory 
(that is, a true Theoiy) may *oe described as a Tho|^ht- 
which is contemplate distinct from Things and seen 
to agree with them; while a Fact is a combination of 
our Thoughts with Things in so complete agreenfent 
that we do not regard them as separate. 

- Thus the aj^tithesis of Theory and Fact involves the 
antithesis of Thoughts and Things, but is not identical 
with it Facts involve Thoughts, for we know Facts 
only by thinking about them. The Fact that the year ^ 
consists of 365 days; the Fact that the month consists 
of 30 days, cannot be- known to us, except we have the 
Thoughts of Time, Number and Recurrence. But those 
Thoughts are so familiar, that we have the fact in our 
mind as a simple Thing without attending to the 
Thought which it involves. When we mould our 
Thoughts into a Theory, we consider the thought as 
distinct from the Facts ; but yet, though distinct, not 
independent of them ; for it is a true Theory, only by 
including and agreeing with the Pacts. 

< I 

Sect, 5 . — Ideas and Sensations, 

We have just seen that the antithesis of Theory and 
Fact, although it involves the antithesis of Thoughts 
and Tilings, is not^idcntical with it. There arc other 
modes of expre^Hion also, which involve the same Fun- 
damental Antithesis, more or less modified. Of these, 
the pair of words which in thei^^ relations appear to 
sejiaratc the members of the antithesis most distinctly 
are Ideas and Sensatixms, We see and hear and touch 
external things, and thus perceive them by our senses; 
but in 'jierceiving them, we connect the impressions of 
sense according to relations of space, time, number, 
likeness, cause, Now some at least of these kinds 
of connexion, as space, time, number, may be^ contem- 
plated distinct from the things to which ’ they are ap- 
plied; and so contemplated, I term them Id^, And 
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the other element, the impressions upon our senses 
^hich they connect, are callejl SemeUions, 

I term space, time, cause, &c., Ideas, because they 
are general relations among our sensations, apprehended 
■by an adfc of the mindj^iotijy the senses simply. These 
relations involve something beyond what the senses 
al<jne could fttmish. By the sense of sight we see 
varibus shades and colours and shapes before uS, but 
the outlines by which they are separated into distinct 
objects of definite forms, are the work, of the mind 
itself. And again, when .we conceive visible things, 
not only as surfaces of a certain form, Imt as solid 
bodies, placed at various distances in space, we again 
exert an act of the mind upon them. When wo see a 
body move, we see it move in a pjfth or orbit, but this 
orbit is mjt itself seen; it is constructed by the mind. 
In like*manner when we see the motions of a needle 
towards a magnet, we do not see the attraction or force 
which produces the effects; but we infer the force, by 
liaving in our minds tlie 'Idea of Cause. Such acts of 
thought, such Ideas, enter into our perceptions of ex- 
ternal things. 

But though our perceptions of external things in- 
volve some act of the mind, they must involve^something 
else besides an act of the mind. If we must exercise 
an act of thought in order to see force exerted, or orbits 
described by bodies in motion, or oven in order to see 
bodies existing in space, and to distinguish one kind of 
object from another, still the act of ijiought alon^does 
not make the bodies. There must be sonfething besides, 
on which the thought is exerted. A colour, a form, a 
sound, are not produced by the mind, however they 
may be moulded, combined, and interpreted by our 
mental acts. A philosophical poet has spoken of 

All the world ^ 

Of eye and ear, both what they half create, 

And what perceive. 

But it is clear, that though they half create, they do 
not wholly create : thei'6 must be an external world of 
colour and sound to give impressions to the eye and 
ear, as^ well as internal powers by which we perceive 
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j .wliat ia offered to our organa. The mind ia in some 
: way passive as well as active : there are objects withoilt 
as well as faculties within; — Sensations, as well as acts 
.of Thought. 

Indeed this is so fai* geheraJly acknowledged, that 
according to common appreliension, the mind ia passive 
rather than active in acquiring the knowledge whiclj it 
receives concerning the material woi’ld. Its sensations 
are generally* considered more distinct than its oj)crar 
tions. The v^i^ld without is held to bo more clcJirly 
real than the faculties within. That there is something 
different fuoin ourselves, something external to us, 
something mdcpeiidcnt of us, something which no act 
of our minds can make or can destroy, is held by all 
men to be at least 'as evident, as that our minds can 
exert any effectual process in modifying and appre- 
ciating the impressions made u})on them. Most per- 
sona ai*e more likely to doubt whether the mind be 
always actively applying Ideas to the objects which it 
perceives, tlian wliether it iHJrceive them passively by 
means of Sensations. 

But yet a little consideration will show ns that an 
activity of the mind, and an activity according to cer- 
tain Ideas, is requisite in all our knowledge of external 
objects. We see objects, of various solid forms, and at 
various distances from us. But we do not thus perceive 
them by sensation alone. Our visual impressions ean- 
not, of themselves, convey to us a knowledge of solid 
formj • or of distance from us. Such knowledge is in- 
ferred from wRat we see : — ^infeiTod by conceiving the 
objects as existing in space, and by applying to them 
the Idea of Space. A-gaiu : — day after day passes, till 
they make up a year : but we do not know that the 
days are 365, except we coimt them ; and thus apply 
to them our Idea of Number. Again : — we see a needle 
drawn* to a magnet : but, in truth, the drawing is what 
we cannot see. . We see the needle move, and infer the 
attraction, by applying to the /act our Idea of Force, 
as the cause of motion. Again ; — ^we see two trees of 
different kinds ; but we cannot know that they are so, 
except bjr applying to them our Idea of the resemblance 
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and difference which makes .kinds. And thus Ideas,: 
as well as Sensations, neceTjarily enter into all our 
knowledge of objects; and these two words express, 
perhaps more exactly thgn any of the pairs before 
•mentioned, that Fimd^nental Antithesis, in the union 
of which, as 1 have said, all knowledge consists 

Sect 6 . — Refleodon and Semati^, 

It will hereafter be my business to 8lv>w what the 
Ideas are, wliich thus enter into our knowedge; and 
how each Idea has been, as a matter of historical fact, 
introduced into the Science to which it especially be- 
longs. But before I proceed to do this, I will notice 
some other tcrmsn besides the phrlises already noticed, 
which have a reference, more or less direct, to the 
Fundaiftental Antithesis of Ideas and Sensations. I 
will mention some of these, in order that if they should 
come imder the reader’s notice, he may not bo per- 
plexed as to their bearing" upon the view here presented 
to him. 

The celebrated doctrine of Locke, that all our 
* Ideas,’ (that is, in his \ise of the word, all our objects 
of thinking,) come from Sensation or Re&exion, will 
naturally occur to the reader as connectefi with the 
antithesis of which I have been speaking. But there 
is a great difference between Locke’s account of Sensa- 
tion and Reflexion, and our ^lew of Sensation and 
Ideas. He is speaking of tlie origin o^our knowledge ; — 
we, of its nature and com|K)sition. H^ is content to 
say that all the knowledge which we do not receive 
directly by Sensation, we obtain by Reflex Acts of the 
mind, which make up liis Reflexion. But we hold that 
there is no Sensation without an act of the mind, and 
that the mind’s activity is not only reflexly exer^ 
upon iteelf, but directly upon objects, so as to perceive 
in them connexions and relations which are not Sensa- 
tions. He is content to put together, under the name 
of Reflexion, everything in our knowledge which is 
not Sensation ; we are to attempt to analyze all that is 
not Sensation;' not only to say it consists of Ideas,«but 
VOi. L i> 
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to point out what those Ideas are, and to show the 
mode in which each of Jbhem enters into our know- 
ledge. His purpose was, to prove that there are no 
Ideas, except the reflex ac^ of the mind : our endear 
vour will he to show that the •acts of the mind, l)oth* 
direct and reflex, are governed by certain Laws, which 
may be conveniently termed Ideas. His procejixre 
was, & deny that any iJnowledge could be derived from 
the mind alone : our coui:8e will be, to show that in 
every part of our most certain and exact knowledge, 
those who have added to our knowledge in every age 
have refciTed to principles wliicli the mind itself suj)- 
plies. I do not say that my view is contrary to his : 
but it Ls altogether different from his. If I grant that 
all our knowledge co^es fi-om Sensation and Reflexion, 
still my task then is only begun ; for I want further to 
detemine, in each science, what portion comes, not 
from mere Sensation, but from those Ideas by the aid 
of which either Sensation or Reflexion can lead to 
Science. , 

Locke’s use of the word ‘ idea’ is, as the reader will 
perceive, different from ours. He uses tlie word, as he 
says, which ‘ serves best to stand for whatsoever is the 
object of tlie understanding when a man thinks.’ ‘ I 
liave used it,’ he adds, ‘ to express whatever is me^it 
by pliariiasmj notion^ species^ or whatever it is to which 
the mind can be .employed about in thinking.’ It 
might be shown that this separation of the mind itself 
from* the ideal oWeets about which it is emiiloyed in 
tliinking, may^lead to veiy erroneous results. But it 
may suffice to observe that we use the woi*d IdeoSj in 
the manner already explained, to express that clement, 
supplied by the mind itself, which must be combine(l 
with Sensation in order to produce knowledge. For us, 
Ideas are not Objects of Thought, but rather Laws of 
Thou^it. Ideas are not synonymous with Notions; 
they are Principles which give to our Notions what- 
ever they contain of truth. But oui* use of the term 
Idea will be more fully explained hereafter. * 
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Sect 7. — Suhjectix^ awl Objective, 


The Fundamental Antithesis of Philosophy of which I 
^have to, speak has been biiought into great prominence 
in the writings of modem Gorman philosophers, and has 
conspicuously formed the basis of their systems. They 
lijtv^ indicated this antithesis by the terms m^ective 
and objective. According to the technical ^uiguage of old 
writers, a thing and its qualities are described as svh- 
ject and attributes; and thus a man’s faculties and acts 
are attributes of which he* is tlie subject. The mind is 
the subject in whicli ideiis inliere. Moreover, the man’s 
hiculties and acts are employed upon external objects; 
and from objects all his sensations arise. Hence the 
part of a man’s knowledge which belongs to his own 
mind, is subjective : that wliich flows in upon him from 
the world external to liim, is objective. And as in man’s 
contemplation of nature, there is always some act of 
thought wliich depends upon himself, and some matter 
of thought which is independent of* him, there is, in 
every paii; of his knowledge, a subjective and an objec- 
tive element. The combination of the two elements, 
the subjective (»r ideal, and the objective or.observed, is 
necessary, in order to give us an)» insight into the laws 
of nature. But diflerent pci'sons, according to their 
mental habits and constitution, may be inclined to 
dwell by preference upon the one or tlie other of these 
two elements. It may perhaps intert^st the reader to 
see thiKS difibrence of intellectual chaifccl^r illustrated in 
two eminent men of genius of modern times, Gothe 
and Schiller. 

Gothe himself gives us the account to which I refer, 
in his history of the progress of his speculations con- 
cerning the Metamorphosis of Plants ; a mode of view- 
ing their structure by which he (ixplained, in ^ veiy 
striking and beautiful manner, the relations of the dif- 
ferent jiarts of a plant to each other; as has been nar- 
rated in the History of the Inductive Sciences, Gothe 
felt a delight in the passive contemplation of nature, 
unminglcd with the desire of reasoning and theorizing; 
a delight such as naturally belongs to those poets who 
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merely embody the images which a fertile genius sug- 
gests, and do not mix with these pictui*es, judgments 
and reflexions of their own. Schiller, on the other 
hand, both by his own stroivg feeling of the v^ue of 
moral purpose in poe^, and by** his adoption of a sys- 
tem of metaphysics in which the subjective element was 
made, very prominent, was well dis|X)sed to recognize 
fully the autiy)rity of iSeas over external impressions. 

Gothe for a time felt a degree of estrangement to- 
wards SchiUei, aiising from this contrariety in their 
views and chai'actei’s. But on one occasion they fell 
into discussion on the study of natural history; and 
Gothe endeavoiu*ed to impress upon his companion his 
persuasion that nature was to be considered, not as com- 
posed of detached and incoherent pai*ts, but as active 
and alive, and unfolding herself in each portion, in 
virtue of principles which pcrvjidc the whole. *Schiller 
objected that no such view of the objects of nattiral 
history had l>een pointed out by observation, the only 
guide which the ♦natui’al historians recommended; and 
was disposed on this account to think the whole of 
their study narrow and shallow. ‘Upon this,’ says 
Gothe, ‘1 expounded to him, in as lively a way as I 
could, the. metamorphosis of pitots, drawing on paper 
for him, as I proceeded, a diagram to represent that 
general form of a plant which sliows itself in so many 
and so various transformations Schiller attended and 
understood; and, accepting the explanation, he said, 
“ This is not ojwervation, but an idea.” I replied,’ adds 
Gothe, ‘ with some degree of irritation ; for the point 
which separated us was most luminously marked by 
this expression; but J smothered my vexation, and 
merely said, “ I was happy to find that I had got ideas 
without knowing it; nay, that I saw them before my 
eyes.”,’ Gothe then goes on to say, that ho had been 
grieved to the very soul by maxims promulgated by 
Schiller, that no observed feet ever could correspond 
with an idea. Since he himself loved best to wander 
in the domain of external observation, he had been led 
to look with I'epugnanco and hostility upon an^hing 
which professed to depend upon ideas, ‘ Yet,’ he ol^ 
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serves, ‘ it occurred to me that if my Observation was 
identical with his Idea, theijp mast be some common 
ground on which we might meet.’ They went on with 
their mutual explanations, and became intimate and 
'lasting friends. ‘ And thus,* adds the poet, ‘ V>y means 
of that mighty and interminable controverfy between 
and subject^ we two concluded an alliance which 
remained unbroktiu, and produced much benefit A) our- 
selves and others.’ ^ 

The general diagram of a plant, of whyh Gdthe here ^ 
speaks, must have been a combination of lines and 
marks expressing the relations of j>osition and equiva- 
lence among the elements of vegetable forms, by which 
so rajuiy of their resemblances and differences may be 
oxplaiiictL Sucl) a symbol is not to I<lea in that gene- 
ral sense in which wc propose t(.) use the term, but is a * 
jiai'ticifljir nuKlification of the general Ideas of symme- 
tiy, developement, and the Hke; and wc shall hereafter, 
see, accoixUng to the phraseology which we sliall ex- 
phiin in the next chapter, how such a diagi*am might 
express the ideal conceidim of a plant 

Tlic antithesis of subjective and objective is very fami- 
liar in the philosophical literature of Germany and 
France; nor is it uiwommon in any age* of our own 
literature. But though effoiiis have recently been made 
to give currency among us to this phraseology, it has 
not been cordiidly received, and has been much com- 
plained of as not of obvious meaning. NTor is the com- 
plaint without ground : for when w^ regard tlie^mind 
as the subject in which hleas inhere, iff becomes for us 
an object j and the antithesis vanishes. We are not so 
much accustomed to use subject in tliis sense, as to 
make it a proper contrast to object. The combination 
^ ideal and objective^ would more readily convey to a 
modem reader the opposition which is intended be- 
tween the ideas of the mind itself, and the ’objects 
which it contemplates around it. 

To the antitheses alreiidy noticeil — ^Thoughts and 
Things; Necessary and Experiential Truths; Deduc- 
tion and Induction; Theory and Fact; Ideas and 
Sensations; Reflexion and Sensation; Subjective and 
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Objective; we may add others, by which distinctions 
depending more or less upon the fundamental anti- 
thesis have been denote(£ Thus we speak of the hi- 
temal and external sources of our knowledge; of the 
world within and the worl<f withmd us; of Mom and* 
Naiure. Some of the more recent metaphysical writers 
of Germany have divided the universe into the Me a^d 
Not-nk (Ich and Nicht-ich). Upon such phraseofogy 
we may obsoiVe, that to have the fundamental anti- 
tliesis of which wo speak really understood, is of the 
highest conse<pience to philosophy, but that little ap- 
pears to be gaine<l by expressing it in any novel 
manner. The most weighty part of the philosophei'^s 
task is to analyze the 02 >erations of the mind ; and in 
this task, it can aid us but little to call it, instead of 
the the subject^ or tlie me. 

Iv 

Sect 8 . — Matter and Form. 

TnERF4 are some other ways of expressing, or rather 
of illustiRting, tiie fundamental antithesis, which I 
may biicfly notice. The antithesis has been at dif- 
ferent times presented by means of various images. One 
of the most ancient of these, and one which is still 
very instructive, is tHht which speaks of Sensations as 
the Matter, and Ideas as the Form, of our knowledge ; 
just as ivory is the matter, and a cube the form, of a 
die. This comparisbn has the advantage of showing 
tliat ^,wo elements of an antitliesis which cminot be 
separated in foot, may yet be advantagwiusly sepai’ated 
in our reasonings. For Matter an<l Form CiUinot by 
any means be detached from each other. All matter 
must have some foim; all fonn must be tlie foim of 
some material thing. If the ivoiy be not a cube, it 
must have a spheiical or some other form. And the 
cube, in order to be a cube, must be of some material ; 
— ^if not of ivory, of wood, or stone, for instance. A 
figure witliout matter is merely a geometrical concep- 
tion; — modification of the idea of spaca Matter 
without figure is a mere abstract term; — a supposed 
union of certain sensible qualities which, so insulated 
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from others, cannot exist. Yet the distinction of Mat- 
ter and Form is real; and, as a subject of contempla- 
tion, clear and plain. Nor is the distinction by any 
means useless. The speculations which treat of the 
•two sulQects, Matter and* Figure, are very different. 
Matter is the subject of the sciences of Mechanics and 
Chemistry; Figure, of Geometry. These two classes 
of Sciences have quite different sets of principldfe. If 
we refuse to consider the‘ ^Matter and* the Form of 
bodies separately, because we cannot ejdiibit Matter 
and Form separately, we. shut the door to all philo- 
sophy on such subjects. In like manner, though Sen- 
sations and Ideas are necessaiily united in all our 
knowledge, they can be considered as distinct; and 
this distinction is tlie basis of all philosophy concerning 
knowledge. 

Tlii8»illustratiou of the relation of Ideas and Sensa- 
tions may enable us to estimate a doctrine whicli has 
been put forwards at various times. In a certain 
school of speculators there has existed a disposition to 
derive all our Ideas from our Sensations, the term 
Idea being, in tliis school, used in its wider sense, so 
as to include all modifications and limitations of our 
Fundamental Ideas. The doctrines of this* school have 
been summarily exiircssed by saying that ‘ Eveiy Idea 
is a transformed Sensation.* Now, even supposing this 
assertion to be exactly tnie, we easily see, from what 
has been said, how little we are likely to answer the 
ends of philosophy by putting forward such a maxim 
as one of primary importance. For wb might say, in 
like manner, that every statue is but a transformed 
block of marble, or every edifice but a collection of 
transformed stones. But what would these assertions 
avail us, if our object were to trace the rules of art by 
which beautifril statues were formed, or great works of 
architecture erected? The question naturally •occurs, 
What is the nature, the principle, the law of this 
Transformation? In what faculty resides the trans- 
forming power? What train of ideas of beauty, and 
symmetry, and stabilify, in the mind of the statuary 
or th« architect, lias produced those great works which 
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mankind look upon as among their most valuable pos- 
sessions ; — ^the Apollo of the Belvidere, the Parthenon) 
the Cathedral of Cologne? When iliis is Vhat we 
want to know, how are we helped by learning that the 
Apollo is of Parian marble, or the Cathedral of basaltic * 
stone? We must know much more than this, in order 
to acquire any insight into the principles of statua/y 
or of Architecture. In like manner, in order tlia£ we 
may make aify progress in the philosophy of know- 
ledge, which js our purpose, we must endeavour to 
loam something fiirther respecting ideas than that 
they are transformed sensations, even if they were 
this. 

But, in reality, the asaci*tion that our ideas are 
transformed sensations, is erroneous as well as frivo- 
lous. For it conveys, and is intended to convey, the 
opinion that our sensations have one form w^hKih pro- 
perly belongs to them ; and that, in order to become 
ideas, they are converted into some other form. But 
the truth is, that our sensations, of themselves, with- 
out some act of the mind, such as involves wliat we 
have termed an Idea, have no form. We cannot see 
one object without the idea of spiice ; we cannot see 
two without the idea of resemblance or difference ; and 
space and difference are not sensations. Tlius, if we 
are to employ the metaphor of Matter and Form, 
which is implied in the expression to which I have 
refer reel, our sensations, from their first reception, have 
their Form not diangecl^ but given by our Ideas. With- 
out the relations of thought which we here term 
Ideas, the sensations are matter witliout form* Matter 
without form cannot exist : and in like manner sensa- 
tions cannot become perceptions of objects, without 
some formative power of tho mind. By the very act 
of being received as perceptions, they have a formative 
power Vjxercised upon them, liie operation of which 
might be expressed, by speaking of them, not as trans- 
formed, but simply as formed ; — as invested with form, 
instead of being the- mere formless material of percep- 
tion. The woi^ inform, according to its Latin etymo- 
logy, at first implied this process by which matter is 
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invested with form. Tims VirgiP speaks of the thun- 
derbolt BJi informed by the hf^nds of Brontes, and Ste- 
ropcs, ana Pyraemon. And Dryden introduces the 
word in another place : — , 

Let others better mould the running mass 
Of metals, or inforrth the breathing brass. 

Eveif in this use of the word, the form is somcJlliing 
superior to the brute manner, and gives ^t a new sig- 
nificance and purpose. And hence the tenn is again 
used to denote the effect .produced by an intelligent 
principle of a still higher kind : — 

. . . . He informed 

This ill-shaped l>ody with a daring soul. 

• 

And finally even the soul itself, in its original condi- 
tion, is Jooked upon as matter, when viewed with re- 
ference to education and knowledge, by wliich it is 
aftcrwai’ds moulded j and hence tliese are, in our lan- 
guage, termed information. If we confine ourselves 
to the first of these three uses of tha term, we may 
correct tho erroneous opinion of which we have just 
been sjicaking, and retain the mctaplior by wliicli it is 
expressed, by saying, that ideas are not tmnsformed, 
but inforjiied sensations. • • 

Sect. 9 . — Ma7i tlie Interpreter of Nature. 

TnEiiE is another image by which writers have r^rc- 
sented the acts of thoTight thi*ough Vhicli knowledge 
is obtained from the observation of the external world. 
Nature is the Book, and Man is the Interpreter. Tho 
facts of the external world arc marks, in which man 
discovers a meaning, and so reads tliein. Man is the 
Interpreter of Nature, and Science is the right Inter- 
pretation. And this image also is, in many respects, 


1 Pemim oxorcebant vasto Cyclopes in Antro 
Brontesque Steropesque et nudus membra Pyiacmos ; 
His informatum manibus, jam parte polita 
• Fulmen crat.— vilL 42t 



42 


OF IDEAS IN GENERAL. 


instructiva It exhibits to us the necessity of both 
elements; — ^the marks w^ch man has to look at, and 
the knowledge of the alphabet and language wliich he 
must possess and apply before he can find any meaning 
in what he sees. Moreover this image presehts to us*, 
as the ideal element, an activity of the mind of that 
very kind which we wish to point out Indeed *the 
illustration is rather an example than a cc^mparison of 
the composifioii of our knowledge. The lettei*s and 
symbols whmh are presented to the Interj^reter are 
really objects of sensation/ the notion of letters as 
signs of words, the notion of connexions among words 
by wliich they liave meaning, really are among our 
Ideas ; — JSigm and Meanhig are Ideas, supplied by the 
mind, and added t6 all that sensation can disclose in 
any collection of visible marks. The Sciences are not 
figuratively, but really. Interpretations of Natitl’e. But 
this image, whether taken as example or comparison, 
may serve to show both the opposite character of the 
two elements of knowledge, and their necessary com- 
bination, in order that there may be knowledge. 

This illustration may also serve to explain another 
point in the conditions of human knowledge which wc 
shall have'' to notice: — ^namely- the very different de- 
gi*ees in which, in different cases, we arc conscious of 
the mental act by which our sensations are convei’t.ed 
into knowledge. For the same difference occurs in 
reading an inscription. If the inscription were entire 
and* plain, in a Ignguage with which we were familiar, 
we should be hnf*onscious of any mental act in reading 
it. We should seem to collect its meaning by the 
sight alone. But if we had to decipher an ancient 
inscription, of which only imperfect marks remained, 
with a few entire letters among them, we should pro- 
bably make several suppositions as to tlie mode of 
teadiflg it, before we found any mode which was quite 
successful ; and thus, our guesses, being separate from 
the observed fSmts, and at first not fiilly in agreement 
with them, we should be clearly aware that the con- 
jectured meaning, on the one hand, and the obseived 
marks on the other, were distinct tilings, though these 
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two things would become united as elements of one 
abt of knowledge when we ha^ hit upon the right con- 
jecture. 

Sect 10 . — The Funddnmvtal AntUhesis insepa/rdble, 

Ti^ illustration just referred to, as well as other ways 
of cchisidcring the subject, may help us to get cA^er a 
difficulty which at first sight ^appears perplexing. We 
have spoken of the common* opposition 0/ Theory and 
Fact as important, and involving what we have 
called the Fundamental Antithesis of Philosoj^hy. But 
after all, it may be asked, Is this distinction of Theory 
and Fact really tenable? Is it not often difficult to say 
whether a special part of our knowledge is a Fact or 
a Theory? Is it a Fact or a Theory that the stars re- 
volve round the pole? Is it a Fact or a Theory that 
the earth is a globe revolving on its axis? Is it a Fact 
or a Theory that the earth travels in an ellipse round 
the sun? Is it a Fact or a Theory that the sun attracts 
the earth? Is it a Fact or a Theory tSat the loadstone 
attracts the needle? In all these cases, probably some 
persons would answer one way, and some pei*sonS tlie 
other. There are many persons b^ whom the doctrine 
of the globular form of the earth, the doctnno of the 
earth’s elliptical orbit, the doctrine of the sun’s attme- 
tion on the earth, would be called theories^ even if they 
allowed them to be tnie theories. *But yet if each of 
these propositions be true, is it not a, fact / And ^ven 
with regal’d to the simpler facts, as the*motion of the 
stars round the pole, although this may be a Fact to 
one who has watched and measured the motions of the 
stars, one who has not done this, and who has only 
carelessly looked at tliese stars from time to time, may 
naturally speak of the circles which the astronomer 
makes them describe as Theories. It would seem, •then, 
that we cannot in such cases expect genei’al assent, if 
we say, This is a Fact and not a Theory, or This is a 
Theory and not a Fact And the same is true in a vast 
range of cases. It would seem, therefore, that we can- 
not rest any reasoning upon this distinction of Theory 
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and Fact ; and we cannot avoid asking whether there 
is any real distinction in (this antithesis, and if so, what 
it is. 

To this I reply : the distinction between Theory (that 
is, true Theory) and Fact, is tliis : that in Theory thb 
Ideas are considered as distinct from the Facte: in 
Facte, though Ideas may be involved, they are nptj in 
our appreh^sion, separated from the sensations. In 
a Fact, the Ideas are applied so readily and familiai*ly, 
and incorpomted with the sensations so entirely, that 
we do not see them^ we see thrmLyh them. A person 
who carefully notes the motion of a star all night, sees 
the circle which it describes, as he sees the star, though 
tlie circle is, really, a result of his own Ideas. A per- 
son who has in his hiiud the measures of diiferent lines 
and countries on the earth’s surface, and who can put 
them together into one conception, finds that ‘they can 
make no figure but a globular one : to him, the earth’s 
globular form is a Fact, as much as the square form of 
his chamber. A person to whom the grounds of be- 
lieving the earth to travel round the sun are as familiar 
as the grounds for believing tlie movements of the 
mail-coaclies in this country, looks upon the former 
event as Fact, just as he looks upon the latter events 
as Facte. And a person who, knowing the Fact of the 
earth’s annual motion, refers it distinctly to its mecha- 
nical cause, conceives the sun’s attraction as a Fact, 
just as he conceives as a Fact, the action of tlie wund 
whifcli turns the sails of a miU. He cannot see the 
force in either case; he supplies it out of his own Ideas. • 
And thus, a true Theory is a Fact; a Fact is a familiar 
Theoiy. That which is a Fact under one aspect, is a 
Theory under another. The most recondite Theories 
when firmly established are Facte : the simplest Facte 
involve something of the nature of Theory. Theory 
and Fact correspond, in a certain degree, with Ideas 
and Sensations, as to the nature of their opposition. 
But the Facts are Facte, so far as the Ideas have been 
combined with the Sensations and absorbed in them : 
the Theories are Theories, so far as the Ideas are kept 
distinct from the Sensations, and so far as it is consi- 
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dered still a question whether those can be made to 
agree with these. • 

We may, as I have said, illustrate this matter by 
considering man as inter-prying the phenomena which 
fie sees. He often intefprets without being aware tliat 
he does so. Thus when we see the needle move to- 
wavcfjf the magnet, we assert that the magnet exercises 
an atti-active force on the needle. But it js only 6y an 
interpretative act of our o^ minds tliat we ascribe 
this motion to attraction. That, in this* case, a force 
is exerted — something of the nature of the pull which 
we could apply by our own volition — ^is our interpreta- 
tion of the jihenomena \ although we may be conscious 
of the act of interpretation, and may then regard the 
attraction as a Fact. * 

Nor is it in such cases only that we interpret pheno- * 
mena in* our own way, without being conscious of what 
we do. We see a tree at a distance, and judge it to be 
a chestnut or a lime; yeti.this is only an inference from 
the colour or foi-m of the mass acco|;ding to precon- 
ceived classifications of our own. Our lives are full of 
such unconscious inteT:j)retation8. The farmer recog- 
nizes a good or a bad soil; the artist a pjctui*o of a 
favourite master; the •geologist ^ rock of, a kno^vn 
locality, as we recognize the faces and voices of owv 
fi-iends; that is, by judgments formed on what we see 
and hear ; but judgments in which wo do not analyze 
the steps, or distinguish the inference from the appear- 
ance. And in these mixtures of observation anJ in- 
fci’ence, we spe^ik of the judgment thus formed, as a 
Fact directly observed. 

Even in the case in which our perceptions appear to 
be most direct, and least to involve any interpretations 
of our own, — ^in the simple process of seeing, — ^who 
does not know how much we, by an act of the jnind, 
add to that which our senses receive? Does any one 
fancy that he sees a solid cube? It is easy to show that 
the solidity of the figure, the relative position of its 
faces and edges to each other, are inferences of the 
spectator ; no more conveyed to his conviction by the 
eye aldne, than they would bo if he were Iqpking at 
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a painted representation of a cube. The scene of nature 
is a picture without depth of substance, no less than 
the scene of art j and in the one case as in the other, 
it is the mind which, by an act of its own, ^discovers 
that colour and shape denote* distance and solidity. 
Most men are unconscious of this perpetual habit of 
read^g the language of the external W(.>rld, and trans- 
lating as tliey read. The draughtsman, indeed, is com- 
pelled, for liis purposes, to return back in thought from 
the solid bodies which he has inferred, to the shapes of 
siirface which he really sees. He knows that there is 
a mask of theory over the whole face of nature, if it 
be theory to infer more than we see. But other men, 
unaware of this masquerade, hold it to be a fact that 
they see cubes and* spheres, sjmcious ai)ai‘tment8 and 
winding avenues. And these things are facts to them, 
because they are unconscious of the mental operation 
by which they have penetrated nature’s disguise. 

And thus, -we still have an intelligible distinction of 
Fact and Theory, if we consider Theory as a conscious, 
and Fact as an unconscious inference, from the pheno- 
mena which are presented to our senses. 

But still, Theory and Fact, Inference and Perception, 
Bcasoning and Observation, aitj antitheses in none f)f 
which can we separate the two members by any fixed 
and definite line. 

Even the simplest terms by which the antithesis is 
expressed cannot be separated Ideas and »Senaations, 
Thoughts and, Things, Subject and Object, cannot in 
any case be applied absolutely and exclusively. Our 
Sensations require Ideas to bind them together, namely, 
Ideas of space, time, number, and the like. If not so 
bound together. Sensations do not give us any appre- 
hension of Tilings or Objects. All Things, all Objects, 
must ^xist in space and in time — must be one or many. 
Now space, time, number, are not Sensations or 
Things. They are something different from, and op- 
posed to Sensations and Things. We have termed 
them Ideas. It may be said they are Rdatiom of 
Things, or of Sensations. But granting this form of 
expression, still a Relation is not a Thing or a'Sensa- 
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tion; and therefore we must still have another and 
opposite element, along witl^ our Sensations. And 
yet, though we have thus these two elements in every 
act of perception, we caungt designate any portion of 
flic act aS al>solutely arid exclusively belonging to one 
of the elements. Perception involves Sensation, along 
witii Ideas of time, space, and the like ; or, if an^j^ one 
prefers the expression, wo may say, Pei’cejjfion involves 
Sensations along with the apprehension of Helations. 
Perception is Sensation, along with such Ideas as make 
Sensation into an apprehension of Things or Objects. 

And as Perception of Objects implies Lleas, — as 
Observation implies Keasoning ; — ^so, on the other hand, 
Ideas cannot exist where Sensation has not been; Rea- 
soning cannot go on when there lia'& not been j>re>dous 
Obseivation. This is evident from the necessary owier 
of develBpement of the human faculties. Sensation 
necessarily exists from the first moments of our exist- 
ence, and is constantly at work. Observation begins 
before wo can suppose the existence o^ any Reasoning 
which is not involved in Obseiwation. Hence, at what- 
ever period we considei* our Ideas, we must consider 
them as having been already engaged in connecting 
our Sensations, and a.s •having be^jii modified by this 
employment. By being so employed, our Ideas are 
unfolded and defined ; and such developemcnt and defi- 
nition cannot be separated from the; Ideas themselves. 
We cannot conceive space, without boundaries or forms ; 
now Forms involve Sensations. We ^cannot conceive 
time, without events which mark the course of time; 
but events involve Sensationa We cannot conceive 
number, without conceiving things which arc num- 
bered ; and Tilings imply sensations. And the forms, 
things, events, which are thus implied in our Ideas, 
having been the objects of Sensation constantly in 
every part of our life, have modified, unfolded, and 
fixed our Ideas, to an extent which we cannot estimate, 
but which we must suppose to be essential to the pro- 
cesses which at pre^nt go on in our minds. We can- 
not say that Objects create Ideas; for to perceive 
Objects^ we must already have Ideas. But ^e may 
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say, that Objects and the constant Perception of 
Objects have so far modi^ed our Ideas, that we cannot, 
even in thought, separate our Ideas from the percep- 
tion of Objects. 

We cannot say of any Ideas,* as of the Idea* of spaed, 
or time, or number, that they are absolutely an<l ex- 
clusively Ideas. We cannot conceive what spaecv or 
time* or number, would be in our minds, if we liad 
never i)erceifed any Thing or Things in si)ace or time. 
We cannot conceive ourselves in such a condition as 
never to have perceived any Thing or Things in spiico 
or time. But, on the other hand, just as little can we 
conceive ourselves l>ecoming acquainted with space and 
time or numbers as objects of Sensation. We cannot 
reason without, hating the operations of our minds 
affected by previous Sensations ; but we cannot conceive 
Beasoning to be merely a series of Sensatibns. In 
order to be used in Reasoning, Sensation must ]>ocome 
Observation ; and, as we have seen. Observation already 
involves Reasonjng. In older to be connected by our 
Ideas, Sensations must be Things or Objects, and 
Things or Objects already include Ideas. Aiid thus, 
none of the terms by which the fundamental antithesis 
is expressed can be j.bsolutely and exclusively applied. 

I will make a remark suggested by the views which 
have thus been presented. Since, as we have just seen, 
none of the terms yrhich express the fundamental anti- 
thesis can be applied absolutely and exclusively, the 
absolute application of the antithesis in any particular 
case can neve!* be a conclusive or immoveable principle. 
This remark is the more necessary to be borne in 
mind, as the terms of this antithesis are often used in 
a vehement and peremptory manner. Thus we are 
often told that such a thing is a Fact; a Fact and 
not a Theory, with all the emphasis which, in speaking 
or writing, tone or italics or capitals can give. We 
see from what has been said, that when tins is urged, 
before we can estimate the truth, or the value of the 
assertion, we must ask to whom is it a Fact? what 
habits of thought, what previous information, what 
Ideas does it imply, to conceive the Fact as n Fact? 
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Does not the appreliension of the Fact imply assump- 
ttoiis which may with equal justice be called Thoorj% 
and which are perhaps fiUse Theory? in which case, the 
Fact is no Fact. Did not the ancients assert it as a 
Fact, thitt the earth steod still, and the stars moved? 
and can any Fact have stronger apparent evidence to 
jusfi:^ persons in asserting it em])hatical]y than tliis 

Tlieso remarks are by no means urgefl in order to 
show that no Fact can be certainly knowp to be time ; 
but only, to show that no Fact c?ui be certainly shoAvn 
to be a Fact, merely by calling it a Fact, however 
cnii>hatically. There is by no means any ground of 
g( 3 iieral skepticism with regard to truth, involved in 
the doctiine of tlie necessaiy combination of two ele- 
ments in all our knowledge. On the coutraiy, Ideas 
are requisite to tlic essence, and Tliiugs to the reality 
of our knowledge in eveiy case. The proportions of 
Geometry and Arithmetic are exauq)lcs of knowledge 
respecting our Ideas of space and number, with regard 
to Avhich there is no room for doubtr The doctrines 
of Astronomy arc examples of truths not less certain 
rcsiiccting the Facts oi^thc C3xtemal world. 

Sect II . — Successive Generalization. 

In tho preceding ])ages we have been led to the doc- 
trine, that though, in the Antithesis of I'heory and 
Fact, there is involved an essential oypositioii ; namoly 
tlio opposition of the thouglits witliin ife and the phe- 
nomena without us; yet that wc cannot distinguish 
and define the members of this antithesis separately. 
Theories become Facts, by becoming certain and fami- 
liar : and thus, jus our knowledge becomes more sur(i 
and more extensive, we arc constantly transfemng to • 
the cLiss of fjicts, opinions Avliich were at first regarded 
as theories. 

Now wo have further to remark, that in the pi*o- 
greas of human knowledge respecting any bnxnch of 
speculation, there may be several such steps in succes- 
sion, each depending upon and including the preceding, 
voi, I. * E 
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The theoretical views which one generation of dis- 
coverers establishes, become the facts from which the 
next genemtioii aclvanc& to new theories. As men 
rise from the particular to the general, so, in the same 
manner, they rise fi*om whjffe is^general to wh^tt is more 
geneiul. Each induction supplies the materials of 
fresh inductions; each generalization, with all tlif^t it 
embraces in its circle, may be found to be but one of 
many circles,*^ comprehended witliiu the circuit of some 
wider generalization. 

This rcmai‘k lias already Jbeen made, and illustrated, 
in the History of ilie Inductive iSciences^; and, in tnith, 
the whole of the histoiy of science is full of suggestions 
and exemplifications of tliis course of tilings. It may 
bo convenient, however, to select a few instances which 
may further explain and confinu this view of the pro- 
gress of scientific knowledge. 

The most conspicuous instance of this succession is 
to be found in that science which has been progressive 
from the beginning of the world to our own times, and 
which exhibits by far the richest collection of successive 
discoveries : I mean Astronomy. It is easy to see that 
each of these successive discoveries dependt^d on those 
antecedent^ made, and that ii^ each, the truths wliich 
were the •highest jidiiit of the knowledge of one age 
were the fimdamental basis of the effoits of the age 
which came next. Thus we find, in the days of Greek 
discoveiy, HipparcTius and Ptolemy combining and ex- 
plaining the particular facts of the motion of the sun, 
moon, and plaiiets, by means of the theory of epicycles 
and eccentrics ; — a highly important step, which gave 
an intelligible connexion and lule to the motions of 
each of these luminaries. Wlien these cycles and epi- 
cycles, thus truly representing the apparent motions of 
• the heavenly bodies, had accumulated to an inconve- 
nient ‘amount, by the discovery of many inequalities in 
the observed motions, Copernicus showed tliat their 
effects might all be more simply included, by making 
the sun the center of motion of tlie planets, instead of 


HisL Inductive SekneeSt b. viL c. ii. sect. $. 
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tlie earth. But in this new view, he still retained the 
ejficycles and eccentrics which^overned the motion of 
each body. Tycho Brahe’s observations, and Kepler^s 
calculations, showed that, besides the vast number of 
lUcts whibh tlie epicycNcal theory could account for, 
there were some which it would not exactly include, 
and»Kepler was led to the persuasion that the planets 
move in ellipses. But this vicAv of motion was at*first 
conceived hy Kepler as a modification of tffe conception 
of epicycles. On one occasion he blarney himself for 
not sooner seeing that such .a modification was possible. 
‘What an absurdity on my paiii!’ ho cries®; ‘as if 
libration in the diameter of tlio epicycle might not 
come to the same thing as motion in tlie ellipse.’ But 
again; Kepler’s laws of the elliptical motion of the 
planets were established ; and these laws immediately 
became the /acts on which the mathematicians had tl.> 
found their mechanical theories. From these facts, 
Newton, as we have ililated, proved that the central 
force of the sun retains the jilanets in ^heir orbits, ac- 
cording to t/lie law of the inverse square of the dis- 
tance. The same law ^was shown to prevail in the 
gravitation of the earth. It was shown, too,^ by induc- 
tion from the motions q£ Jupiter ynd Saturn^ that the 
planets attract each other; by calculations from the 
figilre of the earth, that the parts of the earth atti*act 
eacli other ; and, by considering the pourse of the tides, 
that the sun and moon atti*act the waters of the ocean. 
And all these curious discoveries being established as 
Jlirts, the subject was ready for another*step of gene- 
ralization. By an unparalleled rajiidity in the progress 
of discovery in this case, not only were all the induc- 
tions which we have first mentioned made by one iii- 
diridual, but the new jwlvance, the higher flight, tho 
closing victory, fell to the lot of the same extraordi- 
naiy person. 

The attraction of the sun upon the planets, of tho 
moon upon the eai*th, of the planets on each other, of 
the parts of the earth on themselves, of the sun and 
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moon upon the ocean j — all these truths, each of itself 
a great discovery, were^ included by Newton in the 
higher generalization, of the univeraal gravitation of 
matter, by which each particle is drawn to every other 
according to the law of tlie inverse square * and thhs 
this long advance from discoveiy to discoveiy, from 
truths to truths, each justly admired wlioii new,^and 
then rightly used as old, was closed in a wortliy and 
consistent manner, by a tyuth wliich is the most worthy 
admimtion, .because it includes all the researches of 
preceding ages of Astronomy. 

We may take another example of a succession of 
this kind from the history of a science, which, though 
it has made wonderful advances, lias not yet reached 
its goal, as pliysichl astronomy appears to have done, 
but seems to have before it a long prospect of future 
progress. 1 now refer to Chemistiy, in whibh I shall 
tiy to point out how the preceding discoveries afforde<i 
the materials of the succeeding; although this subor- 
dination and connexion is, in this case, less fiimiliar to 
men’s minds than in Astronomy, and is, perhaps, more 
difficult to present in a clear and definite shape. Syb 
vius saw, in the fiicts which occur, when an acid and 
an alkali^ are brought togetherj the evidence that they 
neutralize each other. But cases of neutralization, and 
acidification, and many other efiects of mixture of* the 
ingredients of bodies, being thus viewed as /(icts, had an 
aspect of unity and law given thoia by Geoffroy and 
Btfirgman^ who .introduced the conception of the Chemi- 
cal Affinity br Elective Attraction, by which certain 
elements select other elements,^ as if by preference. 
That combustion, whether a chemical union or a chemi- 
cal sejiaration of ingredients, is of the same nature with 
acidification, was the doctrine of Beecher and Stahl, 
and was soon estiblishcd as a tnith which must form a 
part® of every succeeding physical tlieoiy. That the 
niles of affinity and chemical composition may include 
gaseous elements, was established by Black and Caven- 
dish. And all these truths, thus brought to light by 
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chemical discoverers, — affinity, the identity of acidifi- 
cation and combustion, the inyiortance of gaseous ele- 
ments, — along with all the facts respecting the weight 
of ingredients and compoui^ds which the balance dis- 
closed, — '^ere taken up, connected, and included as 
particvlars in the oxygen theory of Lavoisier. Again, 
the results of this theory, and the (|uantity of the seve- 
ral ingredients which entered into ejicli coiiipouAd — 
(such results, for the most p,art, being nRw no longer 
mere theoretical speculations, but recognized facts) — 
were the particulars from .which Drtltt>u derived that 
wide law of chemical combination wldch we tcrin the 
Atomic Theory. And this law, soon generally accepted 
among chemists, is already in its turn become one of 
the fobcts included in Famday’s Theory of the identity 
of Chemical Affinity and Electric Attraction. 

It is hnnecessary to give fui*thcr exemplifications of 
this constant ascent from one step to a higher; — this 
j)erpetual conversion of true theories into the materials 
of other and wider thcoiics. It will hereafter bo our 
business to exhibit, in a more full andf formal manner, 
the mode in which this jirinciple determines the whole 
scheme and stmeture of jdl the most exact sciences. 
And thus, beginning with the facl^ of sense* we gradu- 
ally climb to the highest forms of human k*nowledge, 
and obtain from experience and observation a vast col- 
lection of the most wide and elevated truths. 

There are, however, truths of a very different kind, 
to which we must turn our attention, iji order to pursue 
our researches respecting the nature and founds of our 
knowledge. But before we do this, we must notice one- 
more feature in that progress of science which we have 
already in part described. 



CHAPTER II. 

Of Technical Terms. 


I. TT has already l>oeii stated that we gatlier kuow- 

X ledge from tlie external world, when we iu*e able 
to apply, to the facts wldch we observe, some ideal con- 
ception, wliich gives unity and connexion to multiplied 
and separate perceptions. We have also shown that 
our conceptions, thus verified by facts, may themselves 
be united and connected by a new l)ond of Jie same 
nature; and that man may thus have to pursue his 
way from truth to tmth through a long progi'cssion of 
discoveries, each resting on the preceding, and rising 
above it. * 

Each of these stejis, in succession, is recorded, fixed, 
and ina^le available, by some poculiai* form of words; 
and sucli Vords, thus rendered precise in their mean- 
ing, and appropriated to the service of science, we may 
call Technical Terms, It is in a great measure by in- 
venting siicli Terms that men not oTiiy best express 
the disc<n’eries they have made, but also enable their 
foll«wei*s to bec(^iie so familiar with these discoveries, 
and to ix)sseaf them so thoroughly, that they can rea- 
•dily use them in advancing to ulterior gencr^izations. 

Most of our ideal conceptions are described by exact 
and constant words t>r phrases, such as those of which 
we hero speak. We have already had occasion to em- 
ploy many of tliose. Thus we have had instances of 
techifical Terms expressing geometrical concei)tions, as 
ISllipais, Radius Vector, Axis, Flcme, tlie Proportion of 
the Inverse Square, and the like. Other Terms have* 
described mechanical conceptions, Accelerating Force 
and Attractwn, Again, chemistry exhibits (as do all 
sciences) a series of Terms which mark the steps of our 
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progi’ess. The views of the first real founders of the 
science are recorded by the Terms which are still in 
use, Neutral Salta, Affinity, Vnd the like. The esta- 
blishment of Dalton’s theory has produced the use of 
fche word Atom in a peculiar sense, or of some other 
word, as Proportion, in a sense equally technical. And 
Mi^ Faraday has found it neceasaiy, in order to ex- 
pounll liis electro-chemical theory, to introduce^ such 
tenns as Anode and Cathode, Anion and &ath'ion. 

2 . I need not adduce any further exanijdes, for my 
object at present is only tp point out the use and in- 
fluence of such language: its rules and principles 1 
shall hereafter try, in some measure, to fix. But wJiat 
we have here to remark is, tlic extniordinary degree in 
which the })rogresH of science is •facilitated, by thiLS 
investing each new discov'cry with a compentlious and 
steady fbrm of expression. These terms soon become 
part of the current language of all who take an interest 
in speculation. However strange they may sound at 
first, they soon grow familiar in our ears, and are used 
without any effort, or any rtjcollcctioif of tlie difficulty 
they once involved. They become as common as the 
phrases which express *our most frequent feelings and 
interests, while yet thqy have incomparably more pre- 
cision than belongs to any terms which c3^>rcss feel- 
ings ; and they carry with them, in their impoiii, the 
results of deep and laborious trains of reseai*ch. They 
convey the mental treasures of one* period to the gene- 
rations that follow; and laden with this, their prc«ious 
freight, they sail safely across gulfs of tone in which 
empires have suffered shipwi'eck, and the languages of 
common life have sunk into oblivion. We have still in 
constant circulation among us the Terms which belong 
to the geometry, the astronomy, the zoology, the medi- 
cine of the Greeks, and the algebra and chemistiy of 
the Arabians. And we can in an instant, by m^ans of 
a few words, call to our own recollection, or convey to 
the apprehension of another person, phenomena and 
relations of phenomena in optics, miner^ogy, chemistry, 
which are so complex and abstruse, that it might seem 
to reqjuire the utmost subtlety of the human mind to 
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grasp them, even if that were made the sole object of 
its efforts. By this remarkable effect of Technical Lan- 
guage, we have the results of all the labours of past 
times not only always accessible, but so prepai’cd that 
we may (provided we are carcfeil in the use 6f our in^ 
strument) employ* what is really useful and efficacious 
for the purpose of further success, without being in fuiy 
way impeded or perplexed by the length and weight of 
the chain of past connexions which we drag along 
with us. 

By such means, — ^by the ,use of the Inductive Pro- 
cess, and by tlie aid of Technical Terms, — ^man has 
been constantly advancing in the ]mth of scientific 
truth. In a succeeding part of this work wo shall 
endeavour to trace <the general rules of this advance, 
and to lay down the maxims by which it may be most 
successfully guided and forwarded. But in order that 
wc may do this to tlie best jwlvantagc, we must pursue 
still birther the analysis of knowledge into its elements ; 
and this will be our employment in the first pai*t of the 
work. * 



CHAPTfeE, III. 

Of Necessaiiy Truths. 


I. ii^VERY advance in hgrnaii knowledge consists, as 
we have seen, in adapting new ideal conceptions 
to ascei*tained facts, and thus in superinducing the 
Form upon the Matter, the active upon the passive 
processes of our minds. Eveiy sdeh step introduces 
into our knowledge an additional 2)Oi*tion of the ideal 
clement, *and of those relations wliich flow from the 
nature of Ideas. It is, therefore, impoiiiant for our 
purpose to examine more closely this element, and to 
learn what the relations are wliich may thus come to 
form part of our knowledge. An inquiry into those 
Ideius which form the flamdations of our sciences; — 
into tlie reality, indei)endencc, extent, and princix)al 
heads of the knowledge, which we ^thus acquire; — is a 
task on which we must now enter, and whicli will em- 
ploy us for several of the succee<iing Books. 

In this inquiiy our object will be to pass in review 
all the most impoi-t«iiit i^indainental Ideas which our 
sciences involve; and to prove more distinctly in refer- 
ence to each, what wc have already %,ssertcd with 
regard to all, that there are every wli ere involved in 
our knowledge acts of the mind as well as iiupressions 
of sense ; snid that our knowledge derives, from these 
acts, a generality, certainty, and evidence which the 
senses could in no degree have supplied. But before I 
proceed to do this in particuhxr cases, I will give ‘some 
account of the argument in its gener^ form. 

We have already considered the sejiaration of our 
knowledge into its two elements, — Impressions of Sense 
and Ideas, — as evidently indicated by this; that all 
knowledge possesses characters which neither of these 
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elementB alone could bestow. Without our ideas, our 
sensations could have no connexion ; without external 
impressions, our ideas would have no reality ; and thus 
both ingredients of our knowledge must exist. 

2. There is another mode i» which the disfJinction 6f 
the two elements of knowledge appears, as I have 
already said (c. i. sect. 2): namely in the distincjtion 
of ndeeasary, and emUingenJt or experiential, truths? For 
of these two^classes of truths, the difference arises from 
this ; — that the one class denves its nature from the 
one, and the other from the other, of the two elements 
of knowledge. 1 have already stated briefly the differ- 
ence of these two kinds of tniths : — ^namely, that the 
former ar(i truths which, wo see, must be tmo: — ^the 
latter are true, bu<t so far as we can see, might be 
othei-wise. The former are tine necessarily and uni- 
vei’s.'illy : the latter are learnt from experitfiice and 
limited by experience. Now with regard to the former 
kind of tniths, I wish to show that the universality 
and necessity which distinguish them ciin by no means 
bo derived from experience ; that these chai*acters do 
in reality flow from the ideas which these truths in- 
volve; and that when the necessity of the truth is 
exhibited ‘in the way of logical demonstration, it is 
foimd to 'depend upon certain fundamental principles, 
(Definitions and Axioms,) which may thus be consi- 
dered as expressing, in some measure, the essential cha- 
racters of our idefis. These fundamental principles I 
shall afterwards^ proceed to discuss and to exhibit in 
each of the principal departments of science. 

I sliall begin by consideriiig Necessaiy Truths more 
fully than I have yet clone. As I have already said, 
necessary truths are those in wliich wo not only learn 
that the proposition is true, but see that it must he 
time; in which the negation of tlie truth is not only 
false, •but impossible; in which we cannot, even by an 
effort of imagination, or in a supposition, conceive the 
reverse of that which is asserted. 

3. That there are such truths cannot be doubted. 
We may take, for example, all relations of number. 
Three and Two added together make Five. We cannot 
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conceive it to be otherwise. We cannot, by any freak 
of thought, imagine Three an^ Two to make Seven. 

It may be said that this assertion merely expresses 
what we mean by our words; that it is a matter of 
definitioii ; that the proposition is an identical one. 

But this is by no means so. The definition of Five 
is ijot Three and Two, but Four and One. How does 
it appeal* that Three and Two is the same number as 
Four and One? It is evidenjb that it is aS ; but w/a?/ is 
it e\-'ident? — ^not because the proposition^ is identical; 
for if that wci*e tlie reason, all numerical propositions 
must be evident for the same reason. If it be a matter 
of definition that 3 and 2 make 5, it must be a matter 
of definition that 39 and 27 make 66. But who will 
say that the definition of 66 is 3^ and 27 ? Yet the 
magnitude of the numbers can make no difference in 
the gi’oand of tlie tmth. How do we know that the 
product of 13 and 17 is 4 less than the product of 15 
and 15? We see that it is so, if wo perform cei-tain 
02)6^^0118 by the rules of aiitlinietic but how do we 
know the truth of the rules of arithmetic? If we divide 
^2337f> by 987 according to the 2>rocesa taught us at 
school, how are we assured that the result is correct, 
and that the number 125 thus oJ)taincd is* really the 
number of times one number is contained in the 
other? 

The correctness of tlie rule, it may be replied, can be 
rigorously demonstrated. It can be shown that tlie 
Xirocess must inevitably give the true/2^iotient. ♦ 

Certainly this can be shown to be tfle cjise. And 
precisely because it can be shown that the result must 
be tme, we have here an example of a necessai*y truth; 
and this trutli, it ajii^cars, is not therefore necessaiy 
because it is itself evidently identical, however it may 
be jiossible to prove it by reducing it to evidently iden- 
tical j,>ropositions. And the same is the case wfth all 
other numerical proxiositions ; for, as we have said, the 
nature of all of them is the same. 

Here, then, we have instances of tinths which arc 
not only true, but demonstrably and necessarily true. 
Now such truths are, in this respect at least, altogether 
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different from truths, which, however ceiiain they may 
be, are learnt to be so onjy by the evidence of observa- 
tion, interpreted, as observation must be interpreted, 
by our own mental facultie^. There is no difficulty in 
finding examples of these merely observed triAhs. W6 
find that sugar dissolves in water, and forms a trans- 
parent fluid, but no one wiU say that wo can see any 
reasdh beforehand why the result livast bo so. We 
find that all animals which chew the cud have also the 
divided hoof,*, but could any one have predicted tliat 
this would be universally the case? or supposing the 
truth of the nilc to be known, can any one say that 
he cannot conceive the facts as occurring otherwise? 
Water expands when it crystallizes, some other sub- 
stances contract inHhe same circumstances; but can 
any one know that this will be so otherwise than by 
observation? We have here propositions irfyoroTisly 
true, (we will assume,) but can any one say they are 
mce^sarily true? These, and the gresit mass of the 
doctrines established by induction, arc actual, but so 
for as we can see, accidental laws ; results determined 
by some miknown selection, not demonstrable con- 
sequences of the essence of things, inevitable and per- 
ceived to be iiievitaye. According to the phraseology 
which has been frequently used by philosophical wri- 
ters, they arc continymt, not necessary truths. 

It is requisite to insist upon this opposition, because 
no insight can be obtained into the true nature of 
knowledge, and the mode of aiTiving at it, by any one 
wlio does not^ clearly appreciate the distinction. The 
separation of truths which aixO learnt by observation, 
and truths which can be seen to bo ti*ue by a pure act 
of thought, is one of the first and most essential steps 
in ^our examination of the nature of tnith, and the 
mode of its discovery. If any one does not clearly 
comprehend this distinction of necessary and contin- 
gent tniths, he will not be able to go along with us in 
our researches into the foundations of human know- 
ledge ; nor, indeed, to pursue with success any specu- 
lation on the subject. But, in fact, this distinction is 
one that, can hardly fail to be at once understood. It 
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is insisted upon by almost all the best modern, as well 
aS ancient, metaphysicians*, of primary importance. 
And if any person does not fully apprehend, at first, 
the different kinds of truth thus pointed out, let him 
^udy, tef some extent, those sciences which have neces- 
sary truth for their subject, as geometry, or the pro- 
poi;#iea of numbers, so as to obtain a familiar acqtiaint- 
ance with such truth ; and he will then hardly lliil to 
see how different the evidence of thef proi:)Ositions 
which occur in these sciences, is from tlje evidence of 
the facts which are nierelj'' learnt from experience. 
That the year goes through its course in 365 days, can 
only be known by observation of the sun or stixrs : that 
365 days is 52 weeks and a day, it requires no expe- 
riencii, but only a little thought* to perceive. That 
bees build their cells in the form of hexagons, we c«au- 
not knrAv^ without looking at them; that regular hexa- 
goiis may be arranged so as to fill space, may be 
proved with the utniost rigour, even if there were not 
in existence such a thing as a material hexagon. 

4. As I liave already said, one mode in wliich we 
may ex])vcss the difference of necessary truth.s and 
truths of experience, is, that necessary truths are those 
of which we cannot <listinctly cqnceivo tlTo contrary. 
Wc can very readily conceive tlie contrary of experiential 
truths. We can conceive the stars moving about the 
pole or across the sky in any kind ^ of curves with any 
velocities ; we can conceive the moon always appearing 
during the whole month as a luminous disk, a.s»shc 
might do if her light were inherejit andPnot boiTowe<l. 
But we cannot conceive one of the parallelograms on 
the same biise and between the s.amc j)arallels larger 
than the other; for we find that, if we attempt to do 
this, when wo separate the parallelograms into parts, 
we have to conceive one triangle larger than anotliei*, 
both having all iJheir parts equal; which we 6annot 
conceive at all, if we conceive the triangles distinctly. 
We make this impossibility •more clear by conceiving 
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tlie triangles to be placed so that two sides of the ono 
coincide with two sides ^pf the other; and it is th6n 
seen, that in order to conceive the triangles unequal, 
we must conceive the two phases which have the same 
extremities both ways, to be ‘■different lined, though 
both straight lines. This it is impossible to conceive : 
we assent to the impossibility as an axiom, when U is 
expressed by saying, that two straight lines cannot 
inclose a space; and thys we cannot distinctly con- 
ceive the cojitiary of the j>roposition just mentioned 
respecting parallelogiams. . 

But it is necessary, in applying this distinction, to 
bear in mind the terms of it; — ^that we cannot dis- 
imctly conceive the contrary of a necessary truth. For 
ill a certain loose, iiidistinct way, persons conceive the 
contrary of necessary geometrical truths, when they 
erroneously conceive false propositions to be true. 
Thus, Hobbes eiToneously held that he had discovcr*ed 
a means of geometrically ‘doubling the cube,’ as it is 
called, that is, finding two mean proportionals between 
two given lines ; a problem which cannot be solved by 
plane geometry. . Hobbes not only proposed a con- 
struction for this pui-posc, but obstinately maintained 
that it was right, ^’^hcii itr had been proved to bo 
wrong. Biit then, the discussion showed how indis- 
tinct the geometrical conceptions of Hobbes were ; for 
when his critics hacj proved that one of the lines in his 
diagram would not meet the other in'^lihe point which 
his •reasoning supposed, but in another point near to 
it; he .maintained, in reply, that one of these points 
was large enough to include the other, so that they 
might be considered as the same point. Such a mode 
of conceiving the opposite of a geometrical truth, forms 
no exception to the assertion, that this opposite cannot 
be distinctly conceived. 

In like manner, the indistinct cfcnceptions of chil- 
dren and of rude savages do not invalidate the distinc- 
tion of necessary and experiential truths. Children 
and savages make mistakes even with regard to num- 
bers; and might easily happen to assert that 27 and 
38 are equal to 63 or 64. But such mistakes ‘xjannot 
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make aritlimetical truths cease to be necessary truths. 
When any person conceives ^lese numbers and their 
addition distinctly, by resolving them into parts, or in 
any other way, ho sees tliat ^eir sum is necessarily 65. 
If, on tlib ground of possibility of children and 
savages conceiving something different, it be held that 
tliis^is not a necessary truth, it must be held on the 
same ^'ound, that it is not a necessary truth that 7 
and 4 are equal to 1 1 ; for chjldreu and savages might 
be found so unfamiliar with numbers as i^ot to reject 
the assertion that 7 and 4 are 10, or even tliat 4 and 3 
are 6, or 8. But I suppose that no persons -would on 
such grounds hold that these aiithinctical truths are 
trutlis known only by experience. 

5. I have taken examples of nefjessary trutlis from 
the properties of number and sjiaco ; but such truths 
exist no iess in other subjects, although the discipline 
of thought which is requisite to perceive them dis- 
tinctly, may not be so usual among‘men witli regard to 
the sciences of mechanics and hydrojtatics, as it is 
with regard to tlie sciences of geometry and aiithmetic. 
Yet every oikj may perceive that tliere are such truths 
in mechanics. If I press the table witli my hand, thij 
table presses my hand with an cqpal force : here is a 
self-evident and necessary truth. In any machine, 
constructed in whatever manner to increase the force 
wliicli I can exert, it is certain th(^t what I gain in 
force I must lose hi the velocity wliicli I communicate. 
This is not a contingent truth, borijpwed from jfhd 
limited by observation; for a man of souitd mechanical 
views applies it with like confidence, however novel 
be the constmetion of the machine. When I come to 
speak of the ideas which arc involved in our mechanical 
knowledge, I may, perhaps, be able to bring more 
clearly into view the necessary timtli of general propo- 
sitions oil such sul^ects. That reaction is equal and 
opposite to action, is as necessarily true as that two 
straight lines cannot inclose a space ; it is as impossi- 
ble theoretically to make a perpetual motion by mere 
ig^echauism as to make the (hagonal of a square com- 
mensurable with the side. 
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6. Neceswiry truths must be universal tiniths. If 
any property belong to a right-angled triangle necesscL- 
rily^ it must belong to all right-angled tnangles. And 
it shall be proved in tlie following Chapter, that truths 
possessing these two chai*acten», of NTecessity and Uni- 
versality, cannot possibly be the mere results pf ex- 
perience. 

[Necessfiiy truths are not coiLsidered as a pofiion of 
the Inductive Sciences. Tlicy are Deductions from our 
Ideas. Tlnjs the necessaiy truths wliich constitute the 
Science of Geometry are Deductions from our Idea of 
Space : the ncccssaiy trutlis wliich constitute the 
Science of Arithmetic are Deductions from our notions 
of Number; Avhich perhaps involves necessarily the 
Idea of Time. Dut though we do not call those 
Sciences Inductive which involve properties of Space, 
Number and Time alone, the properties of Spuce, Time 
and Number enter in many very imi^iiiant ways into 
the Inductive Sciences; and therefore the Ideas of 
Space, Time and Number require to be considered in 
the first place. And moreover the examination of 
these Ideas is an essential step towards the exami- 
nation of other Ideas : and the conditions of the pos- 
sibility and certain;ty of trutli, which are exemplified 
in G-eonictry find Arithmetic, open to us important 
views respecting the conditions of the possibility and 
certainty of all Scientific Truth. Wo shall therefore 
in the next Book examine the Ideas on which the Pure 
Sciences, Geometry and Arithmetic, are founded. But 
we must first say a little more of Ideas in general.] 



CHAPTER IV. 
Of Experience. 


I. T HERE employ the term Experience in a more 
X definite and limited* sense than that which it 
possesses in common usage ; for I restrict it to matters 
belonging to the domain of science. In such cases, 
the knowledge which we acquire, by means of experi- 
ence, is of a clear and ]>reciae nature; and the pas- 
sions and feelings and interests, which make the lessons 
of experience in practical matters so difHeult to read 
aright, no longer disturb and c04f11.se us. We may, 
therefore, hope, by attending to such Cfisos, to leani 
what efficacy experience really hius, in ihc discovery of 
tiuth. 

That from experienc& (including intentional expe- 
rience, or ohsei'vatmi^) we obtain much knowledge 
which is highly iiapoil!h,nt, and \thich could not be 
procured fi’oiii any other source, is abundantly clear. 
We haVe already taken several examples of such know- 
ledge. We know by cxiieriencc that animals which 
ruminate are cloven-hoofcil ; and we know this in jxo 
other manner. Wc know, in like maiftie^ that all the 
planets and their satellites revolve round the sun from 
west to east. It lias been found by experience that all 
meteoric stones contain chrome. Many similar por- 
tions of our knowledge might be mentioned. 

Now what we have here to remark is this; — ^tliat 
in no case can experience prove a proposition to be 
necessarily or universally true. However many in- 
stances we may have observed of the truth of a propo- 
sition, yet if it be known merely by obseiwation, there 
IS nothing to assure us that the next case shall not be 
an exception to the rule. If it be strictly true that 
every ruminant animal yet known has cloven heofs, we 
,VOL, i. F 
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still cannot bo sure that some creature will not ho]f;e- 
aftcr be discovered whioii has the first of these attri- 
butes without having the other. When the planets and 
their satellites, as far as Satuj^i, had been al.1 found ^o 
movyound the sun in one direction, it was still possible 
that there might be other such bodies not obeying this 
rulch; and, accordingly, when the satellites of Uranus 
were detecta 1, they appeared to offer an exception of 
this kind. Even in the mathematical sciences, we 
have examples of such rules suggested by experience, 
and also of their precariouslhess. However far they may 
have been tested, we cannot depend upon their correct- 
ness, except we sec some reason for the rule. For 
instance, various njj^les Jiavc been given, for the purpose 
of pointing out priim numheTs; that is, those which 
cannot be divided by any other number. We may try, 
as an example of such a rule, this one — any o'Ad power 
of the number two, diminished by one. Thus the third 
power of two, diminished by one, is seven ; the fifth 
power, diminished by one, is thirty-one; the seventh 
power so diminished is one hundred and twenty-seven. 
All these are prime tiumbers ; and we might be led to 
suppose that the rule is universal. But the i\ext ex- 
ample shows us the 'fallaciousness of such a belifif. The 
ninth power of two, diminished by one, is five hundretl 
and eleven, which is not a prime, being divisible bj^seven. 

Experigneo must always consist of a limited num- 
bej of observations. And, however numerous these 
may be, they, caJii show nothing with rcgai-d to the in- 
finite number of cases in which the experiment has not 
been made. Experience being tJius unable to prove a 
feet to be universal, is, as will readily be seen, still 
more incapable of proving a truth to be necessary. 
Experience cannot, indeed, offer the smallest ground 
for the necessity of a proposition. She can observe and 
record what has happened; but she cannot find, in any 
case, or in any accumulation of cases, any reason for 
what mvj&t happen. She may see objects side by side; 
but she cannot see a reason why they must ever be side 
by side. She finds certain events to occur in succes- 
sion; but the succession supplies, in its occurrence, no 
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re|ison for its recun-eiice. She contemplates external 
objects; but she cannot detect^ny internal bond, which 
indissolubly connects the future with the past, the pos- 
sible witl^ the real. To^ leam a proposition by experi- 
ence, and to see it to be necessarily true, are two alto- 
gether different processes of thought 

2 ? •But it may be said, that we do learn by in^*ans 
of observation and experience many universal truths; 
indeed, all the general truths -of which science consists. 
Is not the doctrine of universal gravitatian leamt by 
experience? Arc not the Itiws of motion, the proper- 
ties of light, the general j)rincipl6a of chemistry, so 
leamt? How, with these examples before us, can we 
say tliat exjierience teaches no universal truths?* 

To this we reply, that these truths can only be 
known to be general, not uiiiverstil, if they dcj)end upon 
exj)eiience alone. Experience cannot bestow that uni- 
versality wliich she herself cannot have, and that neces- 
sity of which she has no comprehension. If these doc- 
trines are univei'sally true, this universality flows from 
the icUas which we apply to our experience, and which 
are, as we have seen, -tlK) real souites of necessary 
truth. How far these ideas can communicate their 
universiility and noccssit/y to the results of e?^perience, 
it will hereafter be our business to consider. It will 
then jl|)pcar, that when the mind collects from observa- 
tion truths of a wide and comprehensive kind, whicli 
approach to the simplicity and universality of the 
truths of pure science; she gives thefti ^lis character 
by throwing upon tlicm the light of her own Funda- 
mental Ideas. 

But the truths which we discover by observation of 
the external world, even when most strikingly simple 
and universal, are not nectissaiy truths. Is the doc- 
trine of universfd gravitation necessarily true? It was 
doubted by Clairaut (so far as it refers to the moon), 
when the progression of the ayogee in fact appeared to 
be twice as great as the theory Emitted. It has been 
‘doubted, even more recently, with respect to the planets, 
their nyitual perturbations appearing to indicate a de- 
viation from the law. It is doubt^ still, by some 
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persona, with respect to tlic double stars. But sup- 
pose all these doubts to be banished, and the law to be 
universal; is it then proved to be necessary? Mani- 
festly not: the very existence of these doubts prov|5S 
that it is not so. For the doubts were dissipated by 
reference to observation and calculation, not by reason- 
ing ^n the nature of tlie law. Clairaut’s difficulty ’was 
removed byaa more exact calculation of the effiict of 
the sun’s force on the motion of the ai>ogec. Tho sug- 
gestion of Bessel, that the intensity of gravitation 
might be different for diffijrent planets, was found to 
be unnecessary, when Professor Airy gave a more 
accurate detennination of the mass of Jupiter. And 
the question whether the extension of the law of the 
invci'se square to the double stam be true, (one of the 
most remarkable questions now before tho scientific 
world,) must be answered, not by any spwulations 
concerning what the laws of attraction must neces- 
sarily be, but liy carefully determining the actual Liws 
of tho motion of these curious objects, by means of the 
observations such as those which Sir John ITerschcl 
has collected for that piiiqiose,* by his unexampled sur- 
vey of both hemispheres of the sky. And since the 
extent of this truth is thus to^be determined by refer- 
ence to observed facts, it is clear that no mere accu- 
mulation of them can make its universality cei'fllin, or 
its necessity apparent. 

,Thus no knowledge of tho necessity of any truths 
can result fr<;un'‘the observation of what really happtms. 
Tliis being clearly understood, we arc led to an im- 
portant inquiry. 

The characters of universality and necessity in the 
truths which form part of our knowledge, can never 
be derived from experience, by which so large a part 
of our knowledge is obtained. But since, as we have 
seen, we really do possess a large body of truths which 
are necessary, and because necessaty, therefore univer- 
sal, the question still recurs, ii-om what source these 
characters of universality and necessity are derived. 

The answer to this question we will attempt to give 
in the ivext chapter. 



CHAPlaSR V. 

Or TJiE Grounds of Necessary Truths. 


I. rflO the rjiieation just stated, I reply, tliat tlie 
.1. necessity and universality of the truths wliich 
form a part of our kuowlccige, are derived from the 
FundUvirmital Ideas wliich those ti'uths involve. TIiOkSc 
ideas entu^ely sha])e and circumscrihe our knowledge ; 
they regulate the motive operations of our minds, with- 
out which our jiassive sensiitioiis do not become know- 
ledge. They govern tlicse ojierations, according to 
rules which are not only fixed and permanent, but 
wdiich may be expressed in plam'and definite terms; 
and tliese rules, when thus cxpjcssed^ may be made 
the basis of demonstrations by which the neccss.-iry 
relations impart.wi to oiv knowledge by our Ideas may 
be traced to their conseciueiices in the most remote 
ramifications of .scientific truth. * 

These enunciations of the necessary and evident 
condi lions imposed upon our knowledge by the Fun- 
damental Ideas which it involves, ave termed Axio7ns, 
Thus the Axioms of Gec^ctry express the ncccssaiy 
conditions w'hich result from the Idea of Space; t?lie 
Axioms of Mechanics express the necessiiry conditions 
wliich flow from tlie Ideas of Force and Motion ; and 
so on. 

2 . It will be the office of several of the succeeding 
Books of tliis w’ork to establish and illustrate in detail 
what I luive thus stated in general terms. I shall 
there pass in review many of the mo.st important fun- 
damental ideas on w^hich the existing liody of our 
science depends; and I shall •endeavour to show, for 
•efich such idea iii succes.sion, that knowledge involves an 
active as well as a passive element; that it is not pos- 
sible without an act of the mind, regulated b>; certain 
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laws. I shall farther attempt to enumerate some of 
the principal fundamental relations which each idha 
thus introduces into our thoughts, and to express them 
by means of definitions and axioms, and other suitable 
forms. 

I will only add a I’emark or two to illustrate further 
this^view of the ideal grounds of our knowledge. ^ , 

3. To pe^-jsons familiar with any of the demonstra- 
tive sciences, it will be Apparent that if we state all 
the Definitions and Axioms which are employed in 
the demonstrations, we state the whole basis on which 
those reasonings rest. For the whole process of de- 
monstrative or deductive reasoning in any science, (as 
in geometiy, for instance,) consists entirely in com- 
bining some of these first j^rinciples so as to obtain the 
simplest proixjsitions of the science; then combining 
these so as to obtain other proi)Ositions of gi'eUer com- 
jdexity; and so on, till we advance to the most recon- 
dite demonstrable truths ; these last, however intricate 
and unexpected, still involving no principles except 
the original detinitions and axioms. Tims, by com- 
bining the Definition of a triangle, and the Definitions 
of equal lines and equal angles, namely, tliat they are 
such as wfien apjilied to e^ich other, coincide, witli the 
Axiom respecting straight lines (that two such lines 
cannot inclose a space,) we demonstrate the ccjuality of 
triangles, under certain assumed conditions. Again, 
by combining this result with the Definition of paral- 
lelograms, and Yu'th the Axiom that if equals be taken 
from equals tlie wholes are equal, wo prove the equality 
of parallelograms between the same pai*allels .and upon 
the same base. From this proposition, again, we prove 
the equality of the square on the hyiiotcnuse of a tri- 
angle to the squares on the two sides containing the 
right angle. But in all this there is nothing contained 
whicli is not rigorously the result of our geometrical 
Definitions and Axioms. All the rest of our treatises 
of geometry consists only of terms and phrases of rea- 
soning, the object of which is to connect those first 
principles, and to eifliibit the cfiects of their combina- 
tion in shape of demonstration. 
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4. This combination of first pnnciples takes place 
according to the forms and rules of Logic. All the 
steps of the demonstration msfy be stated in the shape 
in which logicians are accustomed to exhibit processes 
df reasoning in order to show their conclusiveness, that 
is, in Syllogisim. Tliua our geometrical reasonings 
might be resolved into such steps as the following : — 

Alf straight lines drawn fi‘om the centre of a dii’cle 
to its circumference are equal : • 

But the straight lines ab,*ao, are drawn from tlie 
centre of a circle to its circiimferencc : 

Therefore the straight lines ab, acj, are equal. 

Each step of geometrical, and all other dcnu)nstra- 
tive reasoning, may be resolved into three such .clauses 
as these; and these three clauses* arc termed respec- 
tively, the 7najor premisSy the ininor and the 

ctmclusuvi; or, more briefly, tlio major y the minor y and 
the cmdcusion. 

The principle which justifies the reasoning when 
exhibited in this syllogistic form, is this : — that a truth 
which can be asserted as generally, 01^ rather as uni- 
versally true, can be assei't(5d as true also in each 
[larticular case. The 'minor only {issei*ts a certain 
])articular case to bo an example of such cotiditions as 
are spoken of in the major; and hence the conclusion, 
which is true of the major by supi^osition, is true of 
the minor by cons(?qucuce ; and thus we proceed from 
syllogism to syllogism, in each one employing some 
general truth in some particuLor instance. Any pxoof 
which occurs in geometry, or any other science of de- 
monstration, may thus be reduced to a series of pro- 
cesses, in each of which wo pass from some general 
proposition to the narrower and more special proposi- 
tions which it includes. And this process of deriving 
truths by the mere combination of general principlas, 
applied in paj*ticular hyjwthetical cases, is calhxl de- 
duction; being opposed to induction^ in which, as we 
have seen (chap. i. sect, 3), new general princiifle is 
, introduced at every step. 

5. Now we have to remark that, this being so, how- 
ever fer we follow such deductive reasoning, we can 
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never have, in our conclusion any truth which is not 
virtually included in the original principles from which 
the reasoning started. Fdr since at any step we merely 
take out of a general proposition something included 
in it, while at the preceding st3p we have taken thid 
general proposition out of one more general, and so on 
perpetually, it is manifest that our last result was 
realty included in the principle or principles' with 
which we Mgan. I say jyrinciples, because, although 
our logical conclusion can only exhibit the legitimate 
issue of our 'first principles, it may, nevertheless, con- 
tain the result of the combuiation of several sucli 
principles, and may thus assume a great degree of 
comple/city, and may apj>ear so far removed from the 
parent truths, as tj betray at first sight hardly any 
relationship with them. Thus the proposition which 
has already been quoted respecting the squai*eft on the 
sides of a right-angled triangle, contains the results of 
many elemenhxry principles; as, the definitions of 
parallels, triangle, and square; the axioms respecting 
straight lines, ahd respecting parallels; and, perhaps, 
others. Tlie conclusion is complicated by containing 
the effects of the combination of all these elements ; 
but it conhiins nothing, and csui contain nothing, but 
such elements and tfieir combinations. 

This doctrine, that logical reasoning produces no 
new truths, but only unfolds and brings into view 
those truths which were, in effect, contained in the 
firs^J principles of the reasoning, is assented to by almost 
all who, in mtdern timas, have attended to the science 
of lomc. Such a view is admitted both by those who 
defend, and by those who depreciate the value of logic. 
‘Whatever is establislied by reasoning, must have 
been contained and virtually asserted in the premises*.* 
‘ The only truth which such propositions can possess 
consists in conformity to the original i>rinciples.’ 

In tliis manner the whole sul^tance of our geometry 
is reduced to the Definitions and Axioms which we 
employ in our elementary reasonings; and in like man- 
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ner we reduce the demonstrative truths of any other 
sdcnce to the definitions an^ axioms which we there 
employ. 

6. But in reference to th^s subject, it has sometimes 
Heen saM that demonstrative sciences do in reality 
depend upon Definitions only ; and that no additional 
kirnl of principle, such as we have supposed Axioms to 
be, is*absolutely required. It has been asserted •that 
in geometry, for example, thp source of flie necessary 
tnith of our i)ropositions is this, tliat J^hey depend 
upon definitions alone, and consequently merely state 
the identity of the same thing under different iispects. 

That in the sciences which admit of deinonstnitiun, 
iis g(jometry, meclianics, and the like, Axioms os well 
as Definitions are needed, in order to exj)ress the 
grounds of our necessary convictions, must be shown 
hereafter by an examination of each of these sciences 
in particular. But that the propositions of tlicse 
sciences, those of geometry for example, do not merely 
assert the identity of the same thing, will, I think, be 
genendly allowed, if wo consider the assertions which 
we are enabled to make. When we, declare that ‘ a 
straight line is the skortest distance between two 
points,’ is this merely, an idcntiyal jiroposition ? the 
definition of a straight line in another form? * Not so : 
the dolinitiou of a straight line involves tlie notion of 
form only, and does not contain anything about mag- 
nitude ; consequently, it cannot contain anything equi- 
valent to ‘shoi*tcst.’ Thus the propositions of geom^ry 
arc not raei*oly identical propositions; rafv have wo in 
their general character anything to countenance the 
asseHion, that they are the results of definitions alone. 
And when w'e come to examine tliis and other sciences 
more closely, we shall find that axioms, such as are 
usually in our treatises made the fimdameutal principles 
of our demonstrations, neither have ever been, noV can 
be, dispensed with. Axioms, as well as Definitions, 
are in all cases requisite, in 'trder properly to exhibit 
f the grounds of necessary tnitli. 

7. Thus the real logical basis of every body of de- 
monstrated truths arc the Definitions and Axioms 
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which are the first principles of the reasonings. But 
when we are arrived at this point, the question further 
occurs, what is the grouni of the truth of these Axioms ? 
It is not the logical, but^ the philosophical, not the 
formal, but the real foundatit^n of necessafy truth, 
which we are seeking. Hence this inquiiy necessarily 
comes before us, Wliat is the ground of the Axiom/4 of 
Geofbetry, of Mechanics, and of any other demohstra- 
ble science? ^ 

The answer which we are led to give, by the view 
which we have taken of the nature of knowledge, has 
already been stated. The ground of the axioms be- 
longing to each science is the Idea which the axiom 
involves. The ground of the Axioms of Geometry is 
the Idea of jSpace :• the ground of the Axioms of Me- 
chanics is the Idea of Force, of Action and Reactiem, 
and the like. And hence these Ideas are Fundanumtal 
Ideas; and since they are thus the foundations, not 
only of demonstration but of truth, an examination 
into their real iiupoi*t and nature is of the gi'csitest 
consequence to our purpose. 

8. Not only the Axioms, but the definitions which 
form the basis of our reasonings, depend upon our 
FundameiAal Ideas. And the J)efinitions are not ar- 
bitrary efefinitions, but are determined by a necessity 
no less rigorous thjin the Axioms themselves. We 
could not think of geometrical truths without conceiv- 
ing a circle ; and we could not reason concerning such 
truths without fjefining a circle in some mode ccpiiva- 
lent to that Vhich is commonly adopted. The Defi- 
nitions of parallels, of right angles, and the like, are 
quite as necessarily prescribe»J by the nature of the 
case, as the Axioms which these Definitions bring 
with them. Indeed we may substitute one of these 
kinds of principles for another. We cannot always put 
a D<!iinitiou in the place of an Axiom ; but we may 
always find an Axiom which shall take the place of a 
Definition. If we aasume a proper Axiom respecting 
straight lines, we need no Definition of a straight line. * 
But in whatever shape the principle appear, as Defi- 
nition or as Axiom, it has about it nothing casual or 
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ai'bitrary, but is determined to be what it is, as to its 
iihport, by the most rigorous necessity, growing out of 
the Idea of Space. 

9. These principles, — IJefinitions, and Axioms, — 
thus exBibiting the pfimary developments of a fun- 
damental idea, do in fact express the ideii, so iar as 
its .expression in words forms part of our science. 
They are different views of the same bcnly of tihth; 
and though each pidnciple, by itsedf, exhibits only one 
aspect of this body, taken together they gonvoy a suf- 
ficient conception of it fov our j)ui‘poscs. The Idea 
itself cannot be fixed in words ; but these various lintss 
of truth proceetling from it, suggest sufficiently t<3 a 
fitly-prepared mind, tlic jdace where the idea resides, 
its nature, and its efficacy. * 

It is true that these principles, — our elementary 
DefinitiSns and Axioms, — even taken all together, ex- 
press the Idea incompletely. Thus the Definitions and 
Axioms of Geometry, as they are stated in our ele- 
mentary works, do not fiilly express the J dea of Space 
as it exists in our minds. For, in audition to these, 
other Axioms, indepcTi.dent of tliescy.aiid no less evi- 
dent, can be stated; and are in fact stated wh< 3 n we 
come to the Higher Ggometry. ^iich, for instance, is 
tlie Axiom of Ar(?himedes — ^that a curve line which 
joins two points is less than a broken line which joins 
the same points and includes the cufve. Aud thus the 
Idea is ilisclosed but not fully revealed, iiuparte,d but 
not transfused, by the use we make^of it in scieifce. 
When we have taken from the fountaih so much as 
serves our purpose, there still I'cinains behind a deej) 
well of truth, which we have not exliaustcd, and 
which wc may easily believe to be inexhaustible. 



CHAPTER VI. 


Tub Fundamental Ideas are not derived from 
^ Experience. 


I- "RY tlie course of speculation contained in the 
J-l last three Chapters, we are again led to the 
conclusion which we have already stated, that our 
knowleilge contains^ an ideal element, and that this 
element is not tlenved from experience. For we have 
seen that there are propositwms which are Irtiown to 
be necessarily true; and that such knowledge is not, 
and cannot be, obtsiined by mere observation of actual 
facts. It has been shown, also, that these nec(\ssary 
truths are the results of certain fundamental ideas, 
such as those of. space, number, and the like. Hence 
it follows inevitably that these ideas and others of the 
^me kind' are not <l,erived from experience. For these 
ideas posisess a power of infusing into their develop- 
ments that very necessity which experience can in no 
way bestow. This, power they do not borrow from the 
external world, but possess by their own nature. Thus 
w^ unfold out of the Idea of Space the propositions of 
geometry, wlAch are plainly truths of the most rigor- 
ous necessity and universality. But if the idea of space 
were merely collected from observation of the external 
world, it could never enable or entitle us to assert 
such propositions: it could never authorize us to say 
that not merely some lines, but all lines, not only 
have,* but mvt^t have, those properties which geometry 
teaches. Geometry in eveiy proposition speaks a lan- 
guage which experience never dares to utter; and in- 
deed of which she but half comprehends the meaning. • 
Experience sees that the assertions are true, but she 
sees not how profound and absolute is theii^ truth. 
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She unhesitatingly assents to the laws which geometry 
delivers, hut she does not prsibend to see the origin of 
their obligation. She is always ready to acknowledge 
ijjie swa^ of pure scientific# principles as a matter of 
fact, but she does not dream of offering her opinion on 
their authority as a matter of right; still less can slie 
justl)^ claim to be herself the source of that authority. 

David Hume assorted \ that we are lincapable of 
seeing in any of the appeaiTinces which the world pre- 
sents anything of necessary connexion ; ajnd hence he 
inferred that cur knowledge cannot extend to any such 
connexion. It will be seen from what we have sjiid 
that we assent to his remark as to the fact, but we 
differ from him altogether in the, consequence to be 
drawn from it. Our inference from Hume’s observa- 
tion is, not the tnith of his conclusion, but the fiilso- 
hood of* his premises ; — ^not that, therefore, we can 
know nothing of natural connexion, but that, there- 
fore, wo have some other source of knowledge than ex- 
])nrieiice : — not, that we can have no idea of connexion 
or causation, because, in his language, it cannot be the 
co[)y of an impression ; -but that since ’we have such an 
idea, our ideas are not the copies of our inqwessions. 

Since it thus appear?? that our fiindamentaLideas arc 
not acquired from tlic external world by our senses, 
but have some separate and iudej)endent origin, it is 
important for us to examine their iiature and proper- 
ties, as they exist in themselves; and this it w’ill^be 
our busiTiess to do through a portion •of, the Ibllowmg 
pages. But it may be proper first to notice one or 
wo objections which may possibly occiu’ to some 
readers. • 

2. It may be said that without the use of our 
senses, of sight iind touch, for instance, wo sliould 
never have any idea of sj)ace; that this idea, ther^ifore, 
may properly be said to be derived from those senses. 
And to this I i*eply, by refen'ing to a parallel instance. 
Without light we should have no perception of visible 


I JEssays, vol. U. p. 70. 



OF IDEAS IN GENERAL. 


78 

figure; yet the power of perceiving visible figure can- 
not be said to be derived from the light, but resides in 
the structure of the eye. If we had never seen objects 
in the light, we should be quite unaware that we po>s- 
sessed a power of vision ; yet we should not possess it 
tlie less on that account. If we had never exercised 
the /senses of sight and touch (if we can conceiv'^ such 
a stote of 1' liman existence) wo know not that we 
should be conscious of an idea of space. But the light 
reveals to us at the same time the existence of external 
objects and our own power of seeing. And in a very 
similar manner, the exercise of our senses discloses to 
us, at the same time, the external world, and t)ur own 
ideas of spacer, time, and other conditions, without 
which the external world can neither be obseiwed nor 
conceived. That light is necessary to vision, does not, 
in any degree, supersede the importance of a'sepaiute 
examination of the laws of our visual powers, if we 
would understand the nature of our own bodily facul- 
ties and the extent of the information they can give 
us. In like manner, the fimt that intercourse with the 
external world is necessary for the conscious employ- 
ment of om' ideas, d<^es not make it the less essential 
for us to examine ' those ideas in their most intimate 
strueture, in order that we may understand tlie grounds 
and limits of our knowledge. Even before we see a 
single object, we have a faculty of vision; and in like 
manner, if we can suppose a ma-n who has never con- 
templated ap object in space or time, we must still 
assume him to have the faculties of enteiimning the 
ideas of space and time, wliich Unities are called intfi 
pLay on the very first occasion of the use of the senses. 

3. In answer to such remarks as* the above, it has 
sometimes been said that to assume sejparate j^ulties 
in the mind for so many different processes of thought, 
is to give a mere verbal explanation, since we learn 
nothing concerning our idea of space by being told 
that we have a faculty 'of forming such an idea. It 
has been said that this course of explanation leads to 
an endless multiplication of elements in man’s nature, 
without* any advantage to our knowledge of his true 
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constitution. We may, it is said, assert man to have a 
faculty of walking, of standing, of breathing, of speak- 
ing j but what, it is asked, is gained by such assertions? 
^o this I^reply, that we undoubtedly have such facul- 
ties as those just named ; that it is by no means unim- 
portant to consider them ; and that the main question 
in suqji ftases is, whether they are separate and inde- 
pendent faculties, or complex and deri¥ative ones ; 
and, if the latter bo the case, what are tlie simple 
and original fjicultics by the combination <»f which the 
others arc pn^diiccd. In walking, standing, breathing, 
for instiince, a great part of the operation can l>e rc- 
tluced to one single faculty; the voluntary exercise of 
our muscles. But in breathing tliij^does not appear to 
be the whole of the process. The operation is, in part 
at least, involuntary ; and it has been held that thci’e 
is a certain sympathetic action of the nerves, in ad- 
dition to the voluntary agency which they transmit, 
which is essential to the function. To detennine 
whetlicir or no this sympathetic facility is real and 
distinct, and if so, what are its laws and limits, is 
certainly a highly philosophical inquiry, and well de- 
serving the attention which has hecn bestow^jd upon it 
by eminent physiologists. And just of the same nature 
arc the inquiries with respect to man’s intellectual 
constitution, on which we projiose to enter. For in- 
stance, mail lias a fiiculty of apprehending time, and a 
faculty of reckoning numbers : are these distinct, or is 
one faculty derived from the other? •Tq analyze iiie 
various combinations of our ideas and observations into 
the original faculties which they involve ; to show that 
these faculties are original, and not capable of further 
analysis : to pointidut the characters which mark these 
faculties and lead to the most important features of 
our knowledge; — these arc the kind of research^ on 
wliich we have now to enter, and these, we trust, will 
be found to be far from idle or useless paris of our 
plan. If we succeed in such*attempts, it will appear 
•that it is by no means a frivolous or superfluous step 
to distinguish separate faculties in the mind. If we 
do not learn much by being told that we have a fliculty 
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of forming the idea of apace, we at least, by such a 
commencement, circumscribe a certain portion of the 
field of our investigations, which, we sliall afterwards 
ende^our to show, requires ajqd rewards a special ex- 
amination. And though we shall thus have to sepa- 
rate the domain of our philosophy into many provinces, 
the^ are, as we trust it will appear, neither atbil^rarily 
assigned, nor vague in their limits, nor infinite in 
number. • 



• CHAPTfiR VIL 

Op the Philosophy of the Sciences. 


W E proceed, in the eusuing Books, to the closer 
examination of a considerable number of tlio.se 
Fundamental Ideas on which the sciences, hitheilo 
most succ('.ssfully culti\'atcd, are founded. In tliis 
task, om* td)ject.s will bo lo explaih and analyze .such 
Tdca.s as to bring into view the Definitions and 
Axiomsf or other forms, in which wc may clothe the 
conditions to wliicli our .speculative knowledge is .sub- 
jected. I .shall also try to prove, for some f>f these 
Ideas in paHicidar, what has bt!en already urged re- 
specting them in geneml, that they are not derived 
from observation, but necc.ssarily iinpo.se their condi- 
tions upon that knowledge of which observation sup- 
plie.s the matcirials. \ shall fiij*tjier, in some casc.s, 
endeavour to trace the history of these Ideas as they 
have successively come inbj notice in the progre.ss of 
science; tlie gradual development l^y whicli they have 
arrived at their thui juirity and cleaines.s; and, as a 
necc.ssaiy part of .such a hi.story, I shi^l give a view 'of 
some of the ])rincipal controviirsies whieft have taken 
place with regard to each portion of knowledge. 

An exposition and discussion of the Fundamental 
Ideas of each Science may, with great propriety, bo 
termed the Piii).osophy of such Science. These ideas 
contain in them.selvcs the elements of those truthis 
which the science discovers and enunciates; add in 
the progress of the sciences, both in the world at large 
and in the mind of each individual student, the most 
•impoi-tant steps consist in apprehending those ideas 
clearly, and in bringing them into accordiaiice with the 
observed facts. I sliall, therefore, in a series of Books, 
VOL,^. 0 
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treat of the Philosophy of the Pure Sciences, the Philo- 
sophy of the Meclmnicalu^ Sciences, the Philosophy of 
Chemistry, and the like, and shall analyze and examine 
the ideas which these sciences respectively involva 

In %iia undertaking, inevitahly somewhat long, anil 
involving many deep and subtle discussions, T shall 
takoj, as a chart of the country before me, by yrhicli 
my couT*se i% to be guided, the scheme of the sciences 
wliich T was led to form by travelling over the history 
of each in ordev^. Each of the sciences of which I 
then narrated the progress, depends upon several of 
the Fundamental Ideas of which I have to speak: 
some of these Idciis are peculiar to one field of specu- 
lation, 'others are common to more. A previous enu- 
meration of IdiMis thus collected may serve both to 
show the course and limits of this part of our plan, 
and the varieity of interest which it offers. ' 

I shall, then, successively, have to sjieak Of the Ideas 
wliich are the foundation of Geometry and Arithmetic, 
(and which also regulate all sciences depending upon 
these, as Astronomy and Mechanics;) namely, the 
IdeJis of Space, Time, and N'lvwher (Book ii.) : 

Of the Ideas on which the Mechanical Sciences (as 
Mechanics, Hydrostatics, Phycical Astronomy) more 
peculiarly rest; the itlcas of hWee and Matter, or 
i-ather the idea of Cause, which is the basis of these 
(Book III.) : 

Of the Ideas which the Secondary Mechanical 
Sciences (Acpimiiies, Optics, and Thennotics) involve; 
namely, the Ideas of the Externality of objects, and 
of the Media by wliich we perceive their fpialitics 
(Book IV.) : 

Of the Ideas which are the of Meclianico- 

chemical and Chemical Science; Polarity, Chemical 
Affinj,ty, and Substamce; and the Idea of Symmetry, a 
necessary part of the Philosophy of Crystallography 
(Books V. VI.) : 

Of the Ideas on which the Classificatory Sciences 
proceed (Mineralogy, Botany, and Zoology); namely. 


> History of the Inductive Sciences. 
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the Ideas of Eesernblance, and of its gradations, and of 
Natural Affinity (Books vii. yiii.): 

Finally, of those Ideas on which the Physiological 
Sciences are founded; thi Ideas of separate^ Vital 
iPowers, such as Asdmilation and Irritability; and 
the Idea of Final Cause (Book ix.) : 

have, besides these, the PalaetiologicaJ Sciences, 
which proceed mainly on the conceptiongof Ilistoricat 
Causation (Book x.) : • 

It is plain that when we have proceefied so far as 
this, we have advanced to -the verge of those specula- 
tions which have to do with mind as well as b(Aly. 
The extension of our philosophy to such a field, if it 
can be justly so extended, will be (pie of the most im- 
poiiiant results of our researches; but on that very 
account we must fully study the lessons wliich we 
Itarn in lihose fields of speculation where our doctrines 
are most secure, before wc venture into a region where 
our principles will appeal* to be niore precarious, and 
where they arc inevitably less precise. • 

Wo now proceed to the examination of the above 
Ideas, and to such essays towaids the philosophy of 
each Science as this course of investigation, may sug- 
gest. • • • 
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Tho way iu which we are led to regard human knowledge is 
like the way in which Copernicus was led to regard the heavens. 
When the explanation of the celestial motions could not be made 
to go right so long as he assumed that all the host of stars turns 
round the spectator, he tried whether it would not answer hotter 
if he made the sp^tator turn, and left the stars at rest. We 
may make a siiuilar trial in Metaphysics, as to our way of look' 
ing at objects. If our view of them must be governed alto- 
gether by the properties of the objects themselves, 1 see not how 
man can know anything about them ^ priori. But if the thing, 
as an object of the senses, is regulated by the constitution of our 
power of knowing, 1 can very readily represent to myself this 
possibility. 

Kant, Kritik d. 2t. V. Pref. 



BOOK IT. 


THE PHILOSOPHY OF THE PURE SCIENCES. 


[The principal question discussed in tiie last Book 
was this (sec chaps, v. and Vf.) ; How ai'e necmary and 
tmwersal tniths possible? And the answer then given 
was : that the necessity and universality of tniths are 
derived from the FwidaTnentalldea^ which they involve. 
And we proceed in this Book to exempliljr this doc- 
trine in the case of the truths of Geometry and Arith- 
metic, ^hich derive their necessity and universality 
from the Fundamental Ideas of Space, and Time, or 
Number. 

The question thus examined is that which Kant 
underiook to deal with in his celebrated work, Kritik 
der rdnm Vermmjl {lixammatim fif tJte Fare Hear 
sm ) : and our solution of the Problem, so fai‘ as the 
Ideas of Space and Time are concerned, agri»es in the 
main with his. The arguments contained in chapters 
II. and VI. of this Book, are the leading arguments 
respecting Space and Time, in Kant’s Kritih Kant, 
however, instead of calling Space and Time Jdeas^ 
calls them the necessary Forms of om^e^grerience, as I 
have stated in the text. 

But though I have Jidopted Kant’s arguments as to 
Space and Time, all that follows in the succeeding 
Books, with regard to other Ideas, has no resemblance 
to any doctrines of Kant or his school (with the excep- 
tion, perha^ps, of some of the views on the Idea of 
Cemse). The nature and character of the other Scientific 
Ideas which I have examined, in the succeeding Books, 
have been established by an •analysis of the histoiy of 
• the several Sciences to wliich those Ideas are essential, 
and examination of the writings of the principal 
discoverers in those Sciences.] • 



CHAPTER I. 

Of the Pure Sciences. 


I. ALE external objects' and events which we can 

jl\. ’ contemplate are Adewed as having relations of 
Space, Time, and Number; and arc sulject to the 
general conditions wliich these Ideas impose, as well as 
to the particular laws wliich belong to ejich class of 
objects and occun*ences. The sjieciail laws of nature, 
considered under the various aspects which constitute 
the different sciences, are obtained by a mixed refer- 
ence to Experience and to the Fundjimental Ideas of 
each science. Put besides the sciences thus formed by 
the aid of special experience, the conditions whicli 
flow from those ‘more compreh^msive ideas first men- 
tioned, Space, Time, and Number, constitute a body 
of science, applicable to objedbs and changes of all 
kinds, and deduced without recurTence being had to 
any observation in particular. These sciences, thus 
unfolded out of iddas alone, unmixed with any refer- 
en(je to the phenomena of matter, are hence termed 
Pure Sciences. * The principal sciences of tins class 
are Geometry, Theoretical Arithmetic, and Algebra 
considered in its most general sense, as tlitj investiga- 
tion of the relations of space and number by means of 
geneml symbols. 

2. These Pure Sciences were not included in our 
surv^ of the history of the sciences, becar.se they ore 
not inductive sciences. Their progress has not con- 
sisted in collecting laws from phenomena, true theories 
from observed facts, and more general from more 
limited laws; but in tracing the consequences of the' 
ideas themselves, and in detecting the most .general 
and intifnate analogies and connexions wliiqh prevail 
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among such conceptions as are derivable from the 
ideas. These sciences have ijo principles besides defi- 
nitions and axioms, and no process of proof but deduc- 
; this process, however^n assuming here a most re- 
markable character; and exhibiting a combination of 
simplicity and complexity, of rigour and generality, 
quite ^inparalleled in other subiects. 

3. The universality of the truths, and ^he rigour of 
the clornonstrations of thesew jmre sciences, attracted 
attention in the caidiest times; and it perceived 
that they offered fin exeroise and a discipline of the 
intelloetual faculties, in* a form peculiarly free from 
admixture of extraneous elements. They were strenu- 
ously cultivated by the Greeks, both with a view to 
such a discipline, and from the love of speculative 
truth which prevailed among that peojde: and the 
name 7}fnt1iematic8, by which they are designated, in- 
dicates this their chai-acter of disciplinal studies. 

4. As lias already been said, 'the ideas which these 
sciences involve extend to all the objqpts and clianges 
which we observe in the external world; and hence 
the consideration of mathematical uelations foims a 
large portion of many of the sciences which treat of 
the phenomena and lavs of external nature, ^as Astro- 
nomy, Optics, and Mechanics. Such sciences are hence 
often tenned Mixed Matheniatics^ the relations of space 
and number being, in these branehes of knowledge,^ 
combined with principles collected from special obscr- 
^'’a.tioii; while Geometry, Algebra, and the like sub- 
jects, which involve no result of experience, arc called 
Fure Mathematics. 

5. Sjiace, time, and number, may be conceived as 
forms by which the knowledge derived from our sensa- 
tions is moulded, and wliich are independent of the dif- 
ferences ihtthe matter of our knowledge, arising from 
the sensations themselves. Hence the sciences which 
have these ideas for their subject may be termed For- 
mal Sciences. In this point •of view, they are distin- 

• guished from sciences in which, besides these mere 
formal ^laws by wliich appearances are corrected, we 
endcavom* to apply to the phenomena the idei^of cause, 
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or somo of the other ideas which penetrate further 
into the principles of nature. We have thus, in the 
History, distinguished Formal Astronomy and Formal 
Optics from Physical Astronomy and Physical Optics. 

We now proceed to our examination of the Ideas- 
which constitute the foundation of these formal or 
pure mathematical sciences, beginning with the Idea of 
Spate. 



CHAPTER II. 


Of the Idea, of Space. 


• • 

I. "D Y speaking of spac^ as an Idea, I intend to 

JlJ imply, as has afready been stated, that the 
apprehension of objects as existing in space, and of the 
relations of position, &c., prevailing among tliein^ is not 
a consequence of experience, but aVesult of a i)eculiar 
constitution and activity of the mind, which is inde- 
pendent ^f all experience in its oi*igin, though con- 
stantly combined with experience in its exercise. 

That the idea of space is thus independent of ex])cri- 
cnce, has already been pointed ant in sjjeaking of ideas 
in general : but it may be useful to illustrate the doc- 
trine iurthcr in this jiarjicular case. 

I assert, then, that space is not a notion obtained 
by experience. Experience gives ps information con- 
cerning things without us : but our apprehendSiig them 
(zs without us, takes for gi-anted their existence in 
space. Experience acquaints us wJiat are the form, 
position, magnitude of jiarticular objects : but that they 
luive form, position, magnitude, presupposes that thtjy 
are in space. We cannot derive from apjjearances, by 
the way of obseivation, the habit of representing things 
to oui’selves as in space; for no single act of observa- 
tion is possible any otherwise than by beginning with 
such a representation, and conceiving objects as akeiidy 
existing in ^pace. 

2. That our mode of representing space to ourselves 
is not derived from experience, is clear also from this : 
— ^that through this mode of •representation we airive 
•at propositions which are rigorously universal and 
necessary. Propositions of such a kind could not pos- 
sibly be obtained ih)m experience ; for experigneo can 
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only teach ua by a limited number of examples, and 
therefore can never secijrely establish a universal pro- 
position : and again, cxpeiicnce can only inform ua that 
anytliing is so, and can iioycr prove that it must be so. 
That two sides of a triangle are greater than the thiixl 
is a universal and nccessaiy geometrical truth: it is 
true of all triangles ; it is true in such a way that the 
confrary caynot be conceived. Experience could not 
prove such a proposition. And experience has not 
proved it; fv^r i)crhaj)s no man ever made the trial as 
a means of removing doubts: and no trial could, in 
fact, add in the smallest degrde to the ceiininty of this 
truth. To seek for j)roof of geometrical propositions 
by an appeal to observation proves nothing in reality, 
except that the person who has recourse to such grounds 
has no duo apprehension of the nature of geometrical 
demonstration. We have heard of persons Vi ho con- 
vinced themselves by mcasurenicnt that the geometri- 
cal rule respecting the squares on the sides of a right- 
angled triangle ,was tnic : but these were }>ersons whose 
minds had been engrossed by practiccal habits, and in 
whom the spcxjulativc development of the idea of space 
had been stilled by other employments. I’he practical 
trial of the rule may illustrate, but caun(»t prove it. 
The rule will of course be confirmed by such trial, 
because what is true in general is true in particular : 
but the rule cannot be proved from any number of 
trials, for no accumulation of particular cases makes up 
a Itniversal case.# To all persons who can see the force 
of any proof,* the geometrical rule above refeired to is 
as evident, and its evidence as independent of experi- 
ence, as the assertion that sixteen and nine make 
twenty-five. At the same time, the truth of the geo- 
metrical rule is quite independent of numerical truths, 
and results from the relations of space ^lone. This 
could not be if our apprehension of the relations of 
space were the fruit of experience: for. experience has 
no element from which such truth and such proof 
could arise. 

3 . Thus the existence of necessary truths, such as 
those of; geometry, proves that the idea of space from 
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wliicli they flow is not derived from experience. Such 
ti-hths are inconceivable on .the supposition of their 
being collected from observation; for the impressions 
of sense ^clude no evidences of necessity. But we can 
readily understand the necessary character of such 
truths, if wo conceive that there are ceiiiain neceasaiy 
condi^^ons under which alone the mind receives the 
impressions of sense. Since these bondit^ns rcsiae in 
the constitution of the mind, and apply to every per- 
ception of an object to which the mind^an attain, we 
easily see tha.t their rules «nust include, not only all 
that has been, but all that can be, matter of ex]'orience. 
Our sensations can each convey no information except 
about itself; each can contain rjp trace of Another 
additional sensation; and thus no relation and con- 
nexion betwc(Ui two sensations can be given by the 
sonsatioTis themselves. But the mode in which the 
mind perceives these impressions as olyects, may and 
will introduce necessary relations among them: and 
thus by conceiving the idea of space tcv be a condition 
of perception in the mind, wc can conceive the existence 
of necessary tmths, which apply to all perceived objects. 

4. If we consider the impressions of sense as the 
mere materials of our <ixperience, •such matg'ials may 
be accumulated in any quantity and in any order. But 
if we suppose that this matter has a certain form given 
it, in the act of being accepted by the mind, we can 
understand how it is that these materials are subject to 
inevitable rules; — how nothing can bcpeijjeived exempt 
from the relations which belong to such a form. And 
since there Hi*e such truths a]jplicablc to our experience, 
and arising from the nature of space, we may thus 
consider si)ace as a form which the mator'ials given by 
experience necessarily assumo in the mind ; as an ar- 
rangement*derived from the perceiving mind, a^d not 
from the sensations alone. 

5. Thus this phrase, — ^that space is a form belonging 
to our perce2)tive 2>ower, — nAy be employed to exiu-ess 

♦ that we cannot perceive objects sis in sj^ace, without aji 
operatipn of the mind as well as of the senses — without 
active as well as passive faculties. This phrase^however. 
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is not necessary to the exposition of our doctrines. 
Whether we call the conception of space a Condition* of 
perception, a Form of perception, or an Idea, or by any 
other term, it is something originally inherent in tjie 
mind perceiving, and not in the objects perceived. And 
it is because the apprehension of all objects is thus sub- 
jected to certain m€mttil conditions, forms or ide^ifi, that 
our*knowle(Jge involves certain inviolable relations and 
necessary truths. The principles of such truths, so far 
as they regard space, are derived from the idea of space, 
and we must endeavour td exlubit such principles in 
their general form. But before wc do tliis, we may 
notice some of the conditions which belong, not to our 
Ideas "in general, ])at to this Idea of Space in par- 
ticular. 



CHAPTER HI. 

Op gOME Peculiarities of the Idea of Space. 


J, QOME of tho Ideas which wc shall liave to exa- 
O inino involve conceptions of certain relations of 
objects, the idea of Cause and of Likeness; and may 
appear to be suggested by experience, enabling, us to 
abstract this general relation froiA pai*ticiilar ctises. 
But it will be seen that Space is not such a general 
coiicoptidn of a relation. For we do not speak of 
Spaces as we s})eak of Causes and Likenesses, but of 
Space. And when we speak of spaces, we understand 
by the expression, pa.rts of one and the same identical 
everywhere-extended Space. Wc conceive a universal 
Space; which is not made up of these partial siiaccs as 
its component parts, for it would remain if these were 
taken away; and these^ ctmnot be^emiceivcd without 
presupposing alisolutc sptice. Absolute Spacc^is essen- 
tially one ; and the comidication which exists in it, and 
th() conception of various spaces, depends merely upon 
boundaries. S])ace must, therefore, be, as wc have 
said, not a general conception abstractijd from partiea- 
lars, but a universal mode of reprcsentaticAi, altogether 
independent of experience. 

2. Space is iiilinite. We represent it to ourselves 
tus an infinitely groat magnitude. Such an idea as that 
of Likeness or Cause, is, no doubt, found in an infinite 
number of jjarticular cases, and so far includes these 
cases. But these ideas do not include an infinite hum- 
ber of cases as parts of an infinite whole. When wc 
say that all bodies and partial spaces exist in infinite 
space, we use an expression which is not apx'lied in 
the same sense to any cases except those of Space and 
Time. 
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3. What is here said may appear to be a denial of 
the real existence of space. It must be observed, how- 
ever, that wo do not dgny, but distinctly jiasert, the 
existence of space as a r^ and necessary conditi(»n of 
all objects pei*ceived ; and that we not only Wlow that 
objects are seen external to us, but we found upon the 
fact of their being so seen, our view of the nature of 
spn};e. If, ^jpwever, it be said that we deny the reality 
of space as an object or thing, this is true. Nor does it 
appear easy, to maintain that space exists as a thing, 
when it is considei’ed that, this thing is mfinito in all 
its dimensions; and, morcefver, that it ls a thing, 
which, being nothing in itself, exists only that other 
things- may exist in it. And those who maintain the 
i*eal existence of space, must also maintain tlie real 
existence of time in the same sense. Now two infinite 
tilings, thus really existing, and yet existing only as 
other tilings exist in them, are notions so extravagant 
that we are di ivcn to some other mode of explaining 
the state of th(j matter. 

4. Thus space is not an object of which we perceive 
the properties, «but a form of our perception; not a 
tiling which affects our senses, but an idea to which 
we conform the ipi^pressions of sense. And its pecu- 
liarities appear to depend upon this, that it is not only 
a form of sensation, but of intuition; that in reference 
to space, we not wily perceive but contemplaie objects. 
We sec objects in sjiace, side by side, exterior to each 
other; space, «nd objects in so far as they occujiy 
space, have parts exterior to other parts ; and have the 
whole tlius made up by the juxtaposition of pai*ts. 
This mode of apprehension belongs only to the ideas of 
space and time. Space and Time are made up of paiiag, 
but Cause and Likeness are not apprehended as made 
up <jf parts. And the term intuition (ir^ its iHigorous 
sense) is applicable only to that .mode of contemplation 
in which we thus look at objects as made up of parts, 
and apprehend the relations of those parts at the same 
time and by the same act by wldch we apprehend tha 
objects themselves. 

5. we liave said, space limited by hchmdmieB 
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gives rise to various conceptions which we have often 
to* consider. Thus limited, space assumes ftytm or 
figure; and the variety of conceptions thus brought 
under our notice is infinite.^ We have every possible 
fdrm of li\»e, straight line, and curve ; and of curves an 
endless number; — circles, parabolas, hyperbolas, spirals, 
helices. We have jdarie surfaces of various shapes, — 
paraDfelograms, j)olygons, ellipses; and we have sbJid 
figures, — cubes, cones, cylinders, spheres, spheroids, 
and so on. All these have their varif^iis properties, 
depending on the relations of their boundaries; and 
the investigation of their properties forms the business 
of the science of Oeomctiy. 

6. Space has three dimensions, or directions in 
wliich it may be measured ; it cahnot have more or 
fewer. The simphist measurement is that of a straight 
line, which has hiiigth alone. A surface has both 
length and breadth : and solid sj^ce has length, 
breadth, find thhikiioss or <lepth. The origin of such a 
difference of dimensions will be seen if we reflect that 
each portion of spfice has a boiindaiy, and is extended 
both in the direction in which its bqundaiy extends, 
and also in a direction frmn its boundary; for other- 
wise it would not be a boundaiy^ A point has no 
dimensions. A line has but one dimension,— the dis- 
tance from its boundary, or its length, A plane, 
bounded by a straight line, has thp ilimcnsion which 
belongs to this line, and also has another dimension 
ai-ising from the distance of its paris ^rom this bound- 
ary line; and this may be called hreadih, A solid, 
bounded by a plane, has the dimensions which this 
plane has; and has also a third dimension, which we 
may call height or depths as we consider the solid ex- 
tended above or below the plane; or thickness, if we 
omit all consid(‘ration of up and down. And no space 
can have any dimensions which arc not resoluble* into 
these three. 

* We may now proceed to consider the mode in which 
,the idea of space is employed in the formation of 
Geometry. 


VOL. 1. 
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CHAPTER IV. 


Op tub Definitions and Axioms which helate to 
Space. 


I, rrUTE relations of space have been apprehended 
i with p<?culiar distinctness and cleamess from 
the veiy first unfolding of man’s speculative j)owcrs. 
Tins was a coiise(piei)ce of the circumstance which wo 
have just noticed, that the simplest of these relations, 
and those on which the others depend, arc seen by in- 
tuition. Hence, as soon as men were led to si^eculate 
concerning the r^ations of space, they assumed just 
priiicii)les, and ootained true residts. It is Siiid tliat 
the science of ijeonietry had its origin in Egypt, before 
the dawn of the Greek philosophy : but the knowledge 
of the early Egyjjtians (exclusive of their mytliology) 
appears to have been purely practical; and, probably, 
their geometry consisted only in some maxims of land- 
measuring^ which is what the term implieis. The 
Greeks of the time of Plato, had, however, not only 
posse^ssed themselves of many of the most remarkable 
elementary theorems of the science; but had, in seve- 
ral- instances, rqjchcd the boundary of the science in 
its elementary form ; as when tliey proposed to them- 
selves the problems of doubling tlie cabc and squaring 
the circle. 

But the deduction of these theorems by a systematic 
process, and the primary exhibition of the simplest 
principles involved in the idea of space, which such a 
deduction requires, did not tjike place, so far as we are 
aware, till a period somewhat later. The Elements of 
Geometry of Euclid, in which this task was performed,* 
are to this day the standard work on the subject : the 
author of this work taught mathematics with great 
applause at Alexandria, in the reign of Ptolemy Lagus, 

A 
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about 280 years before Christ. The principles which 
Euclid makes the basis of his system have been very 
little simplified sinee Ids time ; and all the essays and 
controversies which bear upon these principles, have 
had a reference to the form in which they are stated 
by him. 

2., Definitions . — The first principles of Euclid’s 
geometry are, as the first principles of %ny system of 
geometry must \)e, definitions and axioms respecting 
the vaiioiis ideal concoptifms which ho introduces; as 
straight linos, paj'allcl linos, angles, circles, and the 
like. But it is to be ‘observed that tliese definitions 
and axioms arc very far from being arbitrary liypothc- 
ses and assumptions. They have tlieir origin in the 
idea of space, and are merely modes of exhibiting that 
idea in such a manner as to make it afford grounds of 
deductive reasoning. Tlu^ axioms are necessary conse- 
quences of the conceptions respecting which they ai’C 
asserted ; and the definitions ai’o ilo less ncct'ssary 
limitations of conceptions; not requj«ite in order to 
amve at this or that consequence; but necessary in 
order that it may be possible to chu,v\'.any consequences, 
and to (\stablish any general tiiiths. 

For example, if wts rest the end of one vstraight staff 
upon the middle of another straight staff, and ino\'e 
the first staff into various positions, we, by so doing, 
alter the angles which the first staff makes witli the 
oth<*r to the right hand and to the left. But if we 
place tlie staff in that special pt)sitir«i in which these 
two angles ai*e (^qual, etich of them is a i*ight angle, 
according to Euclid ; aud this is the definition of a right 
angle, except that Euclid employs the abstract concep- 
tion of straight lines, instead of speaking, as we ha\'^e 
done, of staves. But tliis selection of the case in wdiich 
the two angles are equal is not a mere act of caprice ; 
as it might have been if he had selected a case in which 
; these angles are unequal in any proportion. For the 
consequences which can be <$i'awii concerning the cases 
of unequal angles, do not lead to general tiniths, with- 
out some reference to that peculiar case in which the 
angles are equal ; and thus it becomes ne<;essary to 
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single out and define that special case, marking it by 
a special phrase. And this definition not only giveb 
complete and distinct knowledge what a light angle is, 
to any one who can form the conception of ^n angl<j 
in general; but also supplies a principle from which 
all the properties of right angles may be deduced. 

^Axio'ins , — ^With regard to other conceptions ^also, 
as circles, sqf'.aros, and the like, it ii^ possible to lay 
down definitions which are a sufficient basis for our 
reasoning, so (fft,!* as such figures are cr)ncerned. But, 
besides tliese definitions, it has been found necessary to 
introduce cei’tain axioms among the fundamtmtal prin- 
ciples of geometry. These .are of the simplest charac- 
ter; foi* instiuice, t|,»at two straiglit lines cannot cut 
each other in more than one point, and an axiom con- 
cerning parallel lines. Like the definitions, these axioms 
flow from the Idea of Space, and present thUt idofi 
under various aspects. They are dificrent from the 
definitions; nor can the definitions }>c made to take 
the place of th^ axioms in the reasoning by which 
elementary geometrical properties are established. For 
example, the definition of parallel stniight linos is, 
that they are such as, however far continued, can never 
meet : buh. in order* to reason concerning such lines, 
we must further adopt some axiom respecting them : 
for example, we may very conveniently take this axiom ; 
that two straight hues which cut one another are not 
both of them parallel to a third straight linc\ The 
definition amj. the axiom are seen to be inseparably 
connected by oiir intuition of the properties of space; 
but the axiom cannot be proved from the definition, 
by any rigorous deductive demonstratioii. And if we 
were to take any other definition of two parallel straight 
lines, (as that they are both perpendicular to a third 
straight line,) we should still, at some pointior other of 
our progress, fall in with the sarnie difficulty of demon- 
stratively establishing their properties without some 
further assumption. ** 

1 This axiom is simpler and more convenient than that of Eurlld. It Is 
employed bji^e .late Professor Playfair in his Qecmetry, 
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4. Thus the elementary properties of figures, which 
Are the basis of our geometry, are necessary results of 
our Idea of Space ; and are connected with each other 
by the ^nature of that ieba, and not merely by our 
Jiy[)oth(ics and constructions. Definitions and axioms 
must be combined, in order to express thLs idea so far 
as tjie purj)oses of demonstrative reasoning rej[uire. 
These verbal enunciations of the result^ of the idea 
cjinnot be made to depend on each other by logical 
consequence ; but have a mutual dependence of a more 
intimate kind, winch words cannot fully convey. It is 
not possible to resolve*theso truths into certain Ixy'po- 
tJi/eseSj of which all the rest shall be the necessaiy 
logical consequence. The necessity is not hypotheti- 
cal, but intuitive. The axioms require not to be 
granted, but to be seen. If any one were to assent to 
them \Vithout seeing them to be true, his assent would 
be of no avail for j)urposcs of reasoning : for he would 
be also unable to see in what cases they might be 
fipplied. The clear possession of the^ Idea of Space is 
the fhst requisite for all geomctricjil reasoning ; and tliis 
clearness of idea may, bo tested by examining whether 
the axioms olfi^r themselves to the mind as evident. 

5. The necessity of ideas added to sensations, in 
order to produce knowledge, has often been overlooked 
or denied in modem tun os. The gi’ound of necessary 
tnith wliicli ideas supply being thus lost, it was con- 
ceived that there still i*emained a ground of necessity 
in definitions ; — ^that -w^e might have* necessary truths, 
by asserting especially what tlie definition implicitly in- 
volved in general. It was licld, also, that this was the 
case in geometry : — ^that all the propei’ties of a circle, 
for instance, w'ere implicitly contained in the definition 
of a circle. That this alone is not the ground of the 
necessity qf the truths which regard the circle, —that 
wc could not in this way unfold a definition into pro- 
portions, without possessing an intuition of the rela- 
tions to which the definition led, — haa already been 
shown. But tlic insufficiency of the above account of 
the grounds of necessary geometrical truth appeared 
in another way also. It was found impossible to lay 
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down a system of definitions out of which alone the 
whole of geometrical truth could be evolved. It was 
found that axioms could not be superseded. !N^o defi- 
nition of a straight line could be given wliich rendered 
the axiom conceniing straight lines superfluous. Ancf 
thus it apj)eared that the source of geometrical truths 
was pot definition alone; and we find in this rpsult 
a confiraiatic^ of the doctrine wliich we are here 
urging, that this source of .truth is to be found in the 
form or conditions of our perception; — in the idea 
which we unavoidably combine with the iiIi])ressions of 
sense ; — in the activity, and not in the passivity of the 
mind®. 

6. Tills will appear further when we come to con- 
sider the mode in which we exercise our observation 
upon the relations of space. But we may, in the first 
place, make a remark which tends to show the con- 
nexion between our conception of a stmight line, and 
the axiom which is mjxdc the foundation of our reason- 
ings concerning {»pace. The axiom is tliis; — ^that two 
straight lines, which have both their ends joined, can- 
not have the intervening parts separated so as to inclose 
a space. The necessity of this axiom is of exactly the 
same kinc^^ as the necessity of the definition of a right 
angle, of which we have already spoken. For as the 
line standing on another makes rvjht angles v/heii it 
makes the angles oir'the two sides of it erpia* ; so a line 
is a straight line wh(;n it makes the two poiiiions of 
space, on the two« sides of it, similar. And as there is 
only a single position of the line first mentioned, which 
can make the angles equal, so there is only a single 
form of a line which can make the spaces near tho 
line similar on one side and on the other ; and there- 


* I formerly stated views similar to 135 of the Edinburgh Review. As an 
these in some ‘Kemarks* appended examination of the reviewer’s objec- 
to a work which I termed The Jife- tions may serve further to illustrate 
chanieal Eudid^ published lu 1837. tho subject, I shall annex to this chap* 
These Remarks, so far as they boar ter au answer to the article to which 
upon the question here discussed, 1 have referred. ^ 

were noticed and controverted in 
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fore there cannot be two straight lines, such as the 
akiom describes, which, between the same limits, give 
two dilFerent boundaries to space thus separated. And 
tjius we ^ee a reason for tho axiom. Perhaps this view 
may be further elucidated if we take a leaf of paper, 
double it, and crease the folded edge. Wc shall thus 
obtaip a straiglit line at the folded edge; and thiS|lino 
divides the surface of tho paper, as it v»is originally 
sprefid out, into two similj*r si>acos. And that these 
spaces are synilar so far as the fold Wlach separates 
them is con corn od, appears from tiiis; — that these two 
pai-ts coincide when the paper is double<l. And thus a 
fold in a sheet of paper at the saine time illustrates the 
definition of a straight line acc<Y’ding to the above 
view, and confirms the axiom that two such lines can- 
not inclose a Kj)ace. 

If tiic sc]»aration of the two parts of space were 
made by any other than a straight line; if, for in- 
stance, the ])aper were cut by a concave line; then, on 
turning one of the parts over, it is easy to see that the 
edge of one pai*t l>cing concave one way, and the edge 
of the other pai't concave the othci* way, these two 
lines would enclose a space. And each of them would 
divide the whole spae* into two portions wjiich were 
not similar; for one i)ortion would have a concave 
edge, and the otlior a convex edge. BetAviJcn any tAVO 
points, there might be innumerable* lines drawn, some, 
convex one Avay, and some, convex the other way; hut 
the straight line is the line which is itot ponA^ex cither 
one way or the other; it is the single medium standard 
from wliich the others may deviate in opposite directions. 

Such considerations as these show sufficiently that 
tlic singleness of fclie straight line which connects any 
tAvo points is a ri^sult of our fundamental concc[)tions 
of space. But yet the above concejitions of the similar 
form of the two parts of s}>ace on the tAvo sides of a 
line, and of the forai of a line which is intermediate 
among all other forms, are df so vague a nature, that 
* they cannot fitly be made the basis of our elementary 
geometry; and they are far more conveniently re- 
placed, as they have been in almost all treatises of 
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geometry, by the axiom, that two straight linos cannot 
inclose a space. 

7. But we may remark that, in what precedes, we 
have considered space only imder one of its £^spccts i-j- 
as a plane. The sheet of paper which we assumed in 
order to illustrate the nature of a straight line, was 
supposed to be perfectly plane or flat: for otherwise, 
by fokling ^t, wo might obtain a line not straight. 
Now tliis assumption of •a plane appears to take for 
granted tliat very conception of a straight line wliich 
the sheet was employed to illustrate ; for the definition 
of a plane givcjn in the Elements of Geomctiy is, that 
it is a siirfiice on which lie all straight lines drawn 
from One i)oint of ,the surface to another. And thus 
the explanation above given of the nature of a straight 
line, — that it divides a plane space into similar por- 
tions on ‘each side, — appears to bo imperfect or nugatory. 

To this we reply, that the explanation must be ren- 
dered complete and valid by deriving the conception of 
a plane from considerations of the same kind iis those 
which we employed for a straight dine. Any portion 
of solid space may bo divided into two poiiions by 
surfaces passing through any given line or boundaries. 
And tliege suriaccs«niay be convex either on one side 
or on the other, and they admit of innumerable changes 
from being convex on one side to being convex on the 
other in any degree. So long as the surface is convex 
either way, the two portions of space which it sepa- 
rates arc noj simihir, one having a convex and the 
other a concave boundary. But tiicro is a certain in- 
termediate position of the sm'face, in wliich position 
the two portions of space which it divides have their 
boundaries exactly similar. In this position, the sur- 
face is neither convex nor concave, but plane. And 
thus .a plane surface is determined by this oondition-^ 
of its being that single surface which is the inter- 
mediate form among all convex and concave surfaces 
by which solid space can* be divide^!, — and of its separ 
rating such space into two jiortions, of which the boun- ' 
dories, though they are the same surface in t^o oppo- 
site positions, are exactly similar. 
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Thus a plane is the simplest and most symmetrical 
botindary by which a solid can be divided; and a 
straight line is the simplest and most symmetrical 
bojiindary^by which a plane 4 »can be separated. These 
conceptions are obtained by considering the boundaries 
of an intenninable spjice, capable of imaginary di- 
vision ^n every direction. And as a limited space may 
be sei)aratcd into two parts by a plane, yid a plane 
agtxin s(iparated into two pads by a straight line, so a 
line is divided into two portions by a pcib^t, which is 
the common boundaiy of tbiC two portions; the end of 
the one and tlic beginning of the otlicr ijortion having 
itself no magnitude, form, or parts. 

8. The geometrical propcHies o^ planes and ‘solids 
are deduciblc from the fest j^rinciples of the Elements, 
without any new axioms; the definition of a plane 
above qifoted, — that all stmight lines joining iCN points 
lie in the jilane, — ^being a sufficient basis for all reason- 
ing u])Oii these subjects. And thus, the views which 
we have i)roscntcd of the nature of space being ver- 
bally expressed by means of certain definitions and 
axioms, become the groundwork of a Umg series of do- 
ductive i*ejisonitjg„by which is established a very large 
and curious collection lof truths, Tiamely, thp whole 
science of Elementary Plane and Solid Geometry. 

This science is one of indispensable use and constant 
reference, fin’ eveiy student of the laws of nature ; for 
the relations of space and number are tlie alpliahet in 
which those laws are written. But besiiles the interetit 
and importance of this kind which geome&y possesses, 
it has a groat and peculiar vahic for all who wish to 
understand the foundations of human knowledge, and 
the methods by which it is acquired. For the student 
of geometry acquires, with a degree of insight and 
clearness which the unmathcmatical reader can^ but 
feebly imagine, a conviction that there are nccessaiy 
truths, many of them of a very complex and striking 
character; and that a few of the most simple and self- 
-evident truths which it is possible for the mind of man 
to apprehend, may, by systematic deduction, lead to 
the most remote and unexpected results. , 
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In pursuing such philosophical researches as that in 
which we are now engaged, it is of great advantage to 
the speculator to have cultivated to some extent the 
study of geoiTietiy ; since •by this study he nyiy becopie 
fully aware of such features in human knowledge as 
those which we have mentioned. By the aid of the 
lesson thus learned from the contemplation of ^eonm- 
trical tnit^s, we have been endeavouring to csbiblish 
those further doctrines ;-^that these truths arc but dif- 
ferent aspects of the same Fundamental Idea, and that 
the grounds i»f the necessity which these truths possess 
reside in the Idea from widen they flow, this Idea not 
being a derivative rcsidt of experience, but its primary 
rule. " When the i;eador has obtained a clear and satis- 
factory view of these docti'incs, so far as they are aj)- 
plicable to our knowledge concerning space, lie has, wc 
may tAst, overcome the main difficulty which will 
occur in following the course of the speculations now 
presented to him. He is then prepared to go forwards 
with us; to s^jo over how wide a field the same doc- 
trines ai’e aj)pli cable: and how rich and various a 
harvest t>f knowledge springe fi*om those seemingly 
scanty principles. 

But ]^>efore we quit the sublet now under our con- 
sideration, we shall cn<leavour to answer some objec- 
tions which have been made t(j the views here pi’e- 
sented; and shall attempt to illustrate further the 
active powers which we have ascribed to the mind. 



CHAPTER V. 


* > 

Op some Objections which have been made 
, TO THE Doctrines stated in the 
PREVIOUS Chapter \ ^ 


T he EdinhuTtjh Revim^ No. cxxxv., contains a cri- 
tique on a work termetl The Mechanical Euclid^ 
in whicli oj)inions were delivered to nearly tlic ;5iime 
effect as sonic of those stated in tlid last cliapter, and 
hereafter in Chapter xi. Although I believe that there 
ai*e no iUjguTuorits us(h 1 by the reviewer to which the 
answers will not suggest themselves in the mind i>f 
any one who has read wdth attention wli at has been 
said in the pr(»cediiig chapters (cxcf^pt, perhaps, one 
or two remarks wliich have reference to mechanical 
ideas), it may serve t.o illustrate the subject if 1 reply 
to the objections directly, taking thorn as the reviewer 
has stated them. ^ 

T. T had dissented from Btewart’s . assertion that 
mathematical truth is hypothetical, or depends u})on 
arbitray deiinitions ; since we understand by an hypo- 


> In order to render the present 
chapter more intelllfjihle, it may be 
proper to state briefly the ari^uinents 
which gave occasion to the review. 
After noticing Stewart’s assertions, 
that the certainty of mathematical rea> 


definitions, and that mathematical 
truth is hypothetical ; I urged,— that 
no one has yet been able to construct 
a system of mathematical tniths by 
tfie aid of definitions alone; that a 
definition woi^ld not be admissible or 
applicable except it agreed with a 


distinct conception 1 »the mind; that 
the definitions which we employ in 
mathematics are not arbitrary or hy- 
pothetical, but necessary definitions ; 
that If Stewart iiod taken os his ex- 
amples of axioms the peculiar geome- 
trical axioms, his assertions would 
have been obviously erroneous;* and 
that the real foundation of the truths 
of lyathcmatics is the Idea of Space, 
which may be expressed (for pur- 
poses of demonstration) partly by 
definitions and partly by axioms. 
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thesis a supposition, not only which we may make, but 
may abstain from making, or may replace by a differ- 
ent supposition ; whereas the definitions and hypotheses 
of geometry are nccessa^^y such as they are, and can- 
not be altered or excluded. The reviewer* (p. 84) in- 
forms us that he understands Stew^art, wlien he speaks 
of hy]:)otheses and definitions being the foundation of 
geometry, -to speak of the hypothesis that reaf objects 
con'espond to our geometrical definitions. ‘ If a crys- 
tal be an Qx^ict hexahedron, the geometrical properties 
of the hcxSihedron may bo predicated of that crystal.’ 
To this I reply, — that such*iiyj)otheses as this arc the 
grounds of our applications of geometrical truths to 
real objects, but can in no way be said to be the foun- 
dation of the truths themselves; — that I do not think 
that the sense which the reviewer gives was Stewart’s 
meaning; — but that if it was, this view of the use of 
mathematics does not at all affect the question which 
both he and I proposed to discuss, wliich was, the ground 
of mathematical certainty. T may add, tliat whether 
a ciystal be an exact hexahedron, is a matter of obser- 
vation and moasurement, not of definition. I think 
the reader can* have no difficulty in seeing how little 
my doctrine is affected by th<\ connexion on which the 
reviewer tlius insists. I have asserted that the proi)0- 
sition wliich affirms the squai’c on the diagonal ’of a 
rectangle to be equal to the squares on two sides, docs 
not rest u])on arbitrary hyjiotheses; the objector an- 
•swers, that tte proposition that tha square on the 
diagonal this i)age is equal tO the squares on the 
sides, depends upon the arbiti*ary hyjjothesis that the 
page is a rectangle. Even if this fact were a matter of 
arbitrary hypothesis, what could it have to do with the 
general geometrical proposition? l£ow could a single 
fact, observed or hyjiothetical, affect a, universal and 
necessary truth, which would be equally true if the 
fact were false? If there be nothing arbitrary or hypo- 
thetical in geometry till wo come to such steps in its 
application, it is plain that the truths themselves 
are not hypotheticai; which is the question for us to 
decide^ 
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2. The reviewer tlien (p. 85) considers the doctrine 
thatr axioms as well as definitions arc the foundations 
of geometry; and here he strangely narrows and con- 
fusCg^ the dijicussion by making* himself the advocate of 
Stewart, instead of arguing the question itself. I had 
asserted that some axioms are necessary as the foundti- 
tions oi\ matliematical reasoning, in addition to t^e 
definitions. If Stewart did not intend to discuss this 
question, I had no concern with what lie had said 
about axioms. But I had every reason toibcliove that 
this was the question which Stewart did intend to dis- 
cuss. T conceive there is no doubt that he intended to 
give an o])inion upon the grounds of inathcinatical 
refisoning in gcinral. For he begi'gs his discussions 
(Elementff, vol. ii. p. 38) by contesting lleid’s o})inion 
on this subject, wliicli is stated genei'ally; and he refers 
again to flic same subject, assorting in general terms, 
that the first principhjs of mathematics arc not axioms 
but <lelini lions. Tf, tlicn, afterwards, he niade his proof 
narrower than his assertion; — if having! declared that 
no axioms are necessaiy, he afterwards limited himself 
to showing that sev^on ou^ of twelve of Euelid's axioms 
arc barren truisms, it was no concern bf mine to con- 
test this assertion, which left my (fhesis unt^iuched. 
I liad asserted that the i)rop(ir geometrical axioms 
(that two straight linos cannot inclose a s[)aoe, and the 
iixiom about jiarallcl lines) are indispensable in geome- 
try. What account the reviewer gives of these axioms^ 
we shall soon see ; hut if Stewart allowed \licm to be 
axioms necessary to geometrical reasoning, he over- 
tunicd his own assertion as to the foundations of such 
reasoning; and if he said nothing decisive about these 
axioms, which are the points on which the battle must 
turn, he left his assertion altogether unproved ; nor vras 
it necessary for me to pursue the war into a barren 
and unimportant corner, when the metropolis was sur- 
rendered. The reviewer’s exultation that I have not 
contested the first seven axioms* is an amusing example 
of the self-complacent zeal of advocacy. 

•3. But, let us turn to the material point, — the proper 
geometrical ^ioms. What is the reviewer’s acccxint of 
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these? Which side of the alternative does he adopt? 
Do they depend upon the definitions, and is he prep&red 
to shoAV the dependence? Or are they superfluous, and 
can he erect the structure of geometry without tjieir 
aid? One of these two coui*ses, it would seem, he must 
take. For wo hoth begin by asserting the excellence of 
g^metry as an example of demonstrated trutlj. It is 
precisely i^ns attribute which gives an interest to our 
present inquiry. How, then, doas the reviewer explain 
this excellence on his views? How does he reckon the 
foundation courses of tlie edifice vrhich we agree in 
considering as a perfect example of intellectutd build- 
ing? 

f presume I mi\y take, as liis answer to this question, 
his hypothetical statement of what Stewart would have 
said (p. 87), on the supposition that there had been, 
among the foundations of geometry, self-eviUent inde- 
monstrable truths : although it is certainly strange that 
the reviewer should not venture to make up his mind 
as to the truth or falsehood of tliis su}>position. If 
there were such truths they would bo, lie says, ‘ legiti- 
mate filiations^ of the definitions. TJiey woiild be in- 
volved in the d(diiiitions. And again lie speaks of the 
foundation of the geometrical doctrine of parallels os 
a flaw, and as a truth which requires, but has not 
received demonstration. And yet again, lu*. tells us 
that each of these supposed axioms (Euclid’s twelfth, 
for instance) is ‘merely an indication of the point at 
which geoipetjy fails to perfomi. that which it under- 
takes to jiei-form’ (p. 91); and that in reality her truths 
arc not yet dcmonstiuted. The amount of tliis is, that 
the geometrical axioms are to be held to be legitimate 
JUiaiiom of the definitions, because though certainly 
true, they cannot be proved from the definitions; that 
they arc involved in the definitions, aJthr ugh they can- 
not be evolved out of them; and that rather than 
admit that they have any other origin than the defini- 
tions, we are to proclaim that geometry has failed to 
perform what she undertakes to perform. « 

To this I reply — ^that I cannot understand what 
is meant by ‘legitimate filiations’ of principles, if the 
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phi*ase do not mean consequences of such principles 
estahlislied by rigorous and formal demonstrations ; — 
that the reviewer, if he claims any real signification 
for his phrase, must substantiate the meaning of it by 
such a deAionstration ; he must establish his ‘legiti- 
mate filiation’ by a genealogical t^ble in, a satisfactory 
form. When this cannot be done, to assert, notwitli- 
standing, that the propositions are invol^^ed in tne 
definitions, is a mere begging the question; and to 
excuse this defect by saying that geonietryifiiils to per- 
form what she has promised, is b) calumniate the 
character of that science \fliich wo profess to make our 
standard, rather than abandon an arbitrary and im- 
proved assertion respecting the real grounds of her 
excellence. I add, fiu*ther, that if the doctiine of 
parallel lines, or any other geometrical doctrine of 
which w{)^('e the truth, with the most perfect insight 
of its necessity, have not hitherto receive*! demonstra- 
tion to the satisfaction of any school of rcasonors, the 
defect must arise from their erroiietnis^A'iews of the 
nature of dem oust rations, ami the grounds of mathe- 
matical certainty. « • 

4. I conceive, then, that the reviewer has failed 
altogether to disprove tl^^) doctrine that the axjj)ms of 
geometiy arc neceissai’y as a part of the foundations of 
the science. I had assci’ied further that these axioms 
supply what the definitions leave deficient; and that 
tiny, along with definitions, serve to present the idea 
of space under sucli aspects that wc cati ^ason logi-* 
rally conc;eriiing it. To this the reviewer opposes 
(p. 96) the common opinion that a perfect definition 
is a complete exjilaiiation of a name, and that the test 
of its perfection is, that we may substitute the defini- 
tion for the name wherever it occurs. I reply, that 
my doctrine, ,that a definition expresses a part, l/ut 
not the whole, of the essential characters of an idea, is 
certainly at variance with an opinion sometimes main- 
tained, that a definition merely explains a word, and 
should explain it so fully that it nuxy always replace 
it The error of this common opinion may, I think, 
be sliown'from considerations such as these; — that if 
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we undertake to explain one word by several, we may 
be called upon, on the same ground, to explain each of 
these several by others, and in this way we can 
reach no limit nor resting=|)lace; — ^at in point of 
fact, it is not found to lead to clearness, but to obscu- 
rity, when in the discussion of geimrhf principles, we 
thjis substitute definitions for single tcn’ns; — ^that even 
if this be rlonc, we cannot reason without Oouceiving 
what the terms mean ;-*-and that, tn doing tliis, the 
relations o^>our conceptions, and not the arbitrary 
equivalence of two forms# of expression, arc the foun- 
dations of our reasoning. * 

5. The reviewer conceives that some of the so- 
called axioms are ^really definitions. The axiom, th'aiii. 
‘magnitudes which coincide with each other, that is, 
which fill the same space, are equal,* is a definitioiMpof 
geometrical equality: the axiom, tliat ‘thd whole is 
gi-eater than its part,’ is a definition of whole and part. 
But surely there are very serious objections to this 
view. It w'Quld seem more iiatiinil to say, if the 
former axiom is a definition of the word equals that 
the latter is a definition of -the word greater. And 
how can one short phrase define two terms? If 1 say, 
‘the li^at of sumin(jr is greater than the heat of win- 
ter,’ does this fissertioii define anything, tliough tiic 
proposition is perfectly intelligible and distinct? I 
think, th(;ii, tliat tliis attempt to reduce these axioms 
to definitions is quite untenable. 

6. I hi^ve stilted that a definition can be of no use, 
except we can conceive the possibility and triitli of the 
property connected with it; and that if we do eouoeivc 
this, we may rightly begin our reasonings by stating 
the property as an axiom; which Euclid docs, in tho 
case of straight liTies andnif y>arallcls. The reviewer 
inquires (p. 92), whether I am prejiarcd t,o extend this 
doctrine to tho case of circles, for which tlie reasoning 
is usually rested upon the definition; — ^whether I would 
replace this definition by an axiom, asserting the pos- 
sibility of such a circle. To this I might reply, that 7t 
is not at all incumbent upon me to assent to such a 
change; for I have all along stated that it is indififerent 
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whether the fiindamental properties from wliich we 
reason be exhibited as definitions or as axioms, pro- 
vided the necessity be clearly seen. But 1 am ready 
to^declare that I think the f<wni of our geometry would 
be not at all the worse, i^ instead of the usual defini- 
tion of a circle, — ‘ that it is a figure contained by one 
line, which is called the circumference, and whicl^^ is 
such, tnat all straight lines drawn from a Certain point 
within the circumference arew equal to one another,’ — 
we were to substitute an axiom and aicfefinition, as 
follows : — • 

Axima, If a line be*drawn so as to be at eveiy 
point equally distant from a coitain point, this line 
will return into itself, or will be ojw line including a 
space. 

Definition, The sjiace is called a circle^ the line the 
eircu 7 nfie'^ence, and tlie 2>oint the center. 

And this being done, it would be true, as the re- 
viewer rcmai'ks, that geometry cannot stir one step 
without resting on an axiom. And do not at all 
hoKsitate to say, that the above axiom, expressed or un- 
derstood, is no less iiecessaiy than tho definition, and 
is tacitly assumed in every j)roposition into which 
circles enter. • • ^ 

7, I have, I think, now disposed of the principal 
objections which bear \i\m\ the jirojior axioms of geo- 
metry. The jirinciples which are stated as the first 
seven axioms of Euclid’s Elemmts, need not, as I have 
said, be here discussed. They are whicR 

refer, not to Space in 2>articiilar, but to Quantity in 
general: such, for instance, as tliese; ‘If equals be 
added to equals the wholes are equal;’ — ‘If equals 
be taken from equals the remainders are equal.’ But 
I will make an observatiomor two upon them before I 
l^roceed. « , 

Both Locke and Stewart liave spoken of tliese 
axioms as barren truisms : as propositions from which 
it is not possible to deduce a siKigle inference : and the 
reviewer asserts that they are not first jirinciples, but 
laws of thought (p. 88). To this last expression I am 
VOL.*I. mI 
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willing to assent; but I would add, that not only 
these, but all the principles which express the fudda- 
mental conditions of our knpwlcdgo, may with equal 
propriety be termed la\w8 of thought; for fhese prin- 
ciples depend upon our ideas, and regulate the active 
operations of the mind, by which coherence and con- 
n(pcion are given to its passive impressions. Jlut the 
assertion that no conclusions can be drawn from simple 
axioms, or laws of human thought, which regard quan- 
tity, is by n#j means tnie. The whole of aritliinetic, — 
for instance, the rules for»the multiplication and divi- 
sion of large numbers, the rule for finding a common 
measure, and, in short, a vast body of theoiy respecting 
numbers, — rests qpon no other foundation than such 
axioms as have been just noticed, that if equals be added 
to equals the wholes will be equal. Aiid even when 
Locke’s assertion, that from these axioms Vio truths 
can be deduced, is modified by Stewart and the re- 
viewer, and limited to gemietriml truths, it is hardly 
tenable (although, in fact, it matters little to our argu- 
ment whether it is or no). For the gi-eater part of the 
Seventh Book <• of Euclid’s EleimntSy (on Commensur- 
able and Tnaimmensurablc Quantities,) and tlic Fifth 
Book, (on Proportion,) depend- upon these axioms, witli 
the addition only of the definition or axiom (for it may 
be stated either way) which expresses the idea of pro- 
portionality in numbers. So that tlic attempt to dis- 
jprove the necessity and use of axioms, as principles of 
reasoning, /ailo even when we take tJiose instances 
which the opponents consider as the more manifestly 
favourable to their doctrine. 

8. But perhaps the question may have alreatly sug- 
gested itself* to the readers mind, of what use can it 
be formally to state such principles as these, (for ex- 
ample, that if equals be added to equal<s the wholes 
are equal,) since, whether stated or no, they will be 
assumed in our reasoning? And how can such prin- 
ciples be said to be necessary, when oui* proof proceeds 
equally well without any reference to them? And the 
answer is, that it is precisely because thesp are the 
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common principles of reasoning, which we naturally 
employ without specially contomplatihg them, that 
they require to be separated from the other steps and 
fonpally st|fited, when wo anmlyse the demonstrations 
whjch we have obtained. In every mental process 
many principles are combined and abbreviated, and 
thus in^ some measure concealed and obscured. Jn 
analysing those processes, the combination must be 
resolved, and the abbreviation*exi)anded, and thus the 
appearance is presented of a pedantic an A superfluous 
formality. But that which is supeiiluous for proof, is 
necessai'y for tlie analysis of proof. In order to ex- 
liibit the conditions of demonstration distinctly, they 
must be exhibited formally. In thq same manntft*, in 
demonstration we do not usually express every step in 
the form of a syllogism, but we see the grounds of the 
conclusivdbess of a demonstration, by resolving it inlo 
syllogisms. Neither axioms nor syllogisms are neces- 
sary for conviction; but they are neceksary to display 
the conditions under which conviction becomes inevit- 
able. The a] ipli cation of a single one of the axioms 
just spoken of is so miin»tc a step in the proof, that it 
appears j)edantie to give it a marked place; but the 
very essence of demonstration consists in this,^liat it ^ 
is composed of an indissoluble succession of such minute 
steps. The admirable circumstance is, that by the ac- 
cumulation of such apparently imperceptible advances, 
we can in the end make so vast and so sure a progi*ess. 
The a)mj)leteness of the analysis of <»ur ^knowledge 
appihrs in the smallness of the elements into which it 
is thus resolved. The minuteness of any of tliese ele- 
ments of truth, of axioms for instance, does not pre- 
vent their being as essential as others which are more 
obvious. And any attempt to assume one kind of 
clement only^* when the coui'se of our analysis brijigs 
before us two or more kinds, is altogether unphilo- 
sophicaL. ^>Jid definitions are the proximate 

constituent principles of our demonstrations; and the 
intimate bond which connects together a definition and 
an axiom^on the same subject is not truly expressed 
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by asserting the latter to be derived from the former. 
This bond of connexion exists in the mind of the rea- 
sofier, in his ‘conception of titat to which both defini- 
tion and axiom refer, aiid consequently inrthe general 
Fundamental Idea of which that conception is a mpdi- 
fication. 



CHAPTER VI. 


t Of the Perception op Space. 


• 

T. ACCORDING to thcf views above explained, cer- 
Jl\, tfiiu of the impressions of our senses convey to 
us the pereej)tion of objects as existing in space; inas- 
much as by the constitution of our "minds we cannot 
receive those impressions otherwise than in a certain 
form, involving such a manner of existence. But the 
question deserves to be asked, What are the impressions 
of sens(j by which we thus become acquainted with 
s])a.ce and its relations? And as we have seen that 
this idea of space im}>lies an act of the niind as well as 
jm impression on the seiif^e, what manifqstations do we 
find of tliis activity of the mjjLi<l, in our observation of 
the external world ? ^ 

It is evident that sight and touch are the scAses by 
which the relations of spjice are perceived, principally 
or entirely. It does not app(jjir that an otlour, or a 
feeling of waniith or cold, wfiuld, independently of ex- 
perience, suggest to us the ccmceptioii qf a spjvce sur-* 
ronjfrting us. But wlien we see objects, see that 
they are extended and occu][>y s]>aco; when we touch 
them, we feel that they arc in a space in which wo 
also are. We have before our eyes any object, for 
instance, a board covered with geometrical diagrams ; 
and we distinctly perceive, by vision, those lines of 
wliich the relations are the subjects of our mathefna- 
tical reasonuig. Again, we see before us a solid ob- 
ject, a cubical box for instance > wo .see that it is within 
]geach; we stretch out the liand and perceive by the 
touch that it has sides, e<lges, comers, which we liatl 
already perceived by vision. 
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2. Pi’obably most persons do not generally appre- 
hend that there is any material difference in these two 
cases; — ^that there are any different’ acts of mind con- 
cerned in perceiving by^sight a mathematical diagjcam 
upon paper, and a solid cube lying on a table. Yet it 
is not difficult to show that, in the latter case at least,' 
the perception of the shape of the object is no;t imme- 
diate. A, very little attention teaches us that there is 
an act of judgment as ^well as a mere impression of 
sense req^isjite, in order that we may see any solid 
object. For there is no. visible ap])earance which is 
inseparably connected with Solidity. If a picture of a 
cube be rightly drawn in |)erspeptive and skilfully 
shaded, the impression upon the senSo is the same as if 
it were a real cube. The picture may be mistaken for 
a solid object. But it is clear that, in this case, the 
solidity is given to the object by an act of mental 
judgment. All that is seen is outline and shade, 
figures and colours on a fiat board. The solid fuigles 
and edges, the relation of the faces of the figure by 
which they form a cube, are matters of inference. 
This, which is evident in the case of the pictured cube, 
is true in all vision whatever. We see a scone before 
us on wliicb - are various figures and co1out*s, but the 
eye caniiot see more. It sees length and breadth, but 
no third dimension. In order to know that there are 
solids, we must infer as well as see. And this we do 
readily and constantly ; so familiarly, indcetl, thjit wo 
vlo not perceive the opemtion. Yet we may detect 
this latent j)rocess in many ways; for instance^by 
attending to cases in which the habit of drawing such 
inferences misleads us. Most j>crs(/ns have experienced 
this delusion in looking at a scene in a theatre, and 
especially that kind of scene which is called a dioramia^ 
when the interior of a building is rep>*esented. In 
the^ cases, the perspective representations of the vari- 
ous members of the architecture and decoration impress 
us almost irresistibly wkih the conviction that we have 
before us a space of great extent and complex form, 
instead of a fiat painted canvass. llei*e, at least, the 
space is our own creation; but yet here, it is mani- 
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festly created by the same act of thought as if we were 
really in tlie palace or the cathedral of which theAalls 
and aisles thus seem to inclose 11s. And the act by 
which we thus create space o^ three dimensions out of 
visible ex^Jjnt of length and breadth, is constantly and 
imperceptibly going on. We are perpetually inter- 
preting in this manner the language of the visible 
world.^ From the appcsaunces of things which we 
directly see, we are constantly inferring that which 
wc cannot directly see, — ^tbeir distance from us, and 
the position of their parts. • * * 

3. The characters wliicli we thus interpret are 
various. Tliey are, for instance, the visible forms, 
colours, and shades of the parts, understood accep’ding 
to the maxims of perspective; (for df j)erspcctive eveiy 
one has a practical knowledge, as every one has of 
grammai*;) the effort by which we fix both our eyes on 
the same <jbjcct, and adjust each eye to distinct vision ; 
and the like. TJio right iuterju'etation of the infoima- 
tion whicli such circumstances giv^e us respecting the 
tnie forms and distiinces of things, is gralUlually learned ; 
the lesson being bcgui^ in our earliest infancy, and 
inculcated ui)on us c.very hour dui'ing which we use 
our eyes. The completeness with ^hich the lesson is 
mastered is truly admirable; for we forget H?hat onr 
conclusion is obtained indirectly, and mistake a judg- 
ment on evidence for an intuitive perception. W e see 
the breadth of tho street, as clearly and reailily as we 
see the house on the other side of it and we see tlw3 
liGUse to be square, however obliquely it 'be presented 
to us. This, however, by no means throws any doubt 
or difficulty on the doctrine that in all these cases we 
do interpret and infer. The rapidity of the j)roccss, 
and the unconsciousness of the effort, are not more 
remarkable ^in this case than they are when we under- 
stand the meaning of the speech v/hich we hcai*, ^)r of 
the book which we read. In these latter cases we 
merely hear noises or see bla^jk marks ; but we make, 
, out of tliese elements, thought and feeling, without 
being aware of the act by which wo do so. And by 
an exaclly similar process we see a variously-coloured 
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expanse, and collect from it a space occupied by solid 
objects. In both cases the act of interpretation is be- 
come so habitual that we can hardly stop short at the 
mere impression of sense. ^ ^ 

4. But yet there are various ways in which we 
may satisfy ourselves that these two parts of the pro- 
cess of seeing objects are distinct. To separate these 
operations is precisely the task which the artist has to 
execute in making a dra^ng of what he sees. He has 
to recover the consciousness of his real and genuine 
sensations, and ‘to discern the lines of objects as they 
appciU’. This at first ho fhids difficult; for he is 
tempted to draw wliat he knows of the foims of visible 
objects, and not what he sees : but as he improves in 
his art, he learns to put on paper what he sees only, 
separated from what he infers, in order that thus the 
inference, and with it a conception like tha^* of the 
reality, may be left to the .spectfitor. And thus the 
natural process of Vision is the habit of scebig that 
which cannot be seen ; and the difficulty of the ari of 
drawing consists in learning not to see more than is 
visible. 

5. But again; even in the simplest drawing we 
exhibit something,, which we do not see. However 
.slight isVmr representation of objects, it contains some- 
thing which we create for ourselves. For we draw an 
(ytUline, Now an outline has no existence in naUu'o. 
There are no visible lines presented to tJio eye by a 
gvoup of figures^ We separete each figure from tlie 
rest, and thV noundaiy by which we do this is tlic out- 
line of the figure; and the like may be said of each 
member of every figure. A painter of our own times 
has made this remark in a work upon his art' : ‘The 
effect which natural objects produce upon our sense of 
vision is that of a number of parts, or distinct masses 
of fofm and colour, and not of lines. But when we 
endeavour to represent by painting the objects which 
are before us, or which inuention supplies to our minds, 
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the first and the simplest means we resort to is this 
piature, by wliich we separate the form of each object 
from those that surround it, marking its boundary, the 
extreme extent of its dimen^ons in every direction, as 
impressed? on our vision : and this is termed di*awing 
its outline.’ 

6. Again, there are other ways in wliich we see 
clefir Aariifestations of the act of thought 1^ whicli^we 
assign to the parts of objects their relations in space, 
the impressions of sense being merely subservient to 
this act. If we look at a medal thn)U!gh a glass which 
inverts it, we see tluj figures upon it become concave 
depressions instead of ju-ojecting conv(ixities; for the 
light which illiinunates the nearer side of thp con- 
vexity will be transferred to the ()]»posite side by the 
apparent inversion of the medal, and will thus ini]>ly a 
hollow in which the side nearest the light gathers the 
shade. Here otir decision a«s to whicJi part is nearest 
to us, has reference to the side from which the light 
comes. Til other cases the decision is more sponta- 
neous. If we draw black outlines, such as represent 
tlie edges of a cube seep in perspective^, certain of the 
lines will cro.ss each other; and wc may make this 
cube a]}pcar to assume two difierept positions, by de- 
teimiriing in our own mind that the lines whidi belong 
to one end of the cube shall be understood to be before 
or to be behind tliose which they cross. Here an act 
of the will, operating ujion the same sensible image, 
gives us two cubes, occupying two eyitircly different 
jiosi thins. Again, many pemms may liShT- observed 
that wh(jn a windmill in motion at a distance from us, 
(so that the outline of the sails only is seen,) stands 
obliquely to the eye, we may, by an effort of thought, 
make the obliquity assume one or the other of two 
positions; lyd as wc do this, the sails, wliich in one 
instance appiiur to tiini from right to left, in the bthcr 
case tum* from left to right. A person a little taiiiiliar 
with this mental effort, can invert the motion jvs often 
, as he pleases, so long as the conditions of form and 
light do not offer a manifest contradiction to either 
position! 
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Thus we have these abundant and various manifes- 
tations of the activity of the mind, in the process by 
which we collect from vision the relations of solid 
space of three dimensions. ^ But we must further ma^ce 
some remarks on the process by which we i)erceive 
mere visible figure ; and also, on the mode in which we 
perceive the relations of space by tlie toucli ; and first, 
of the lattei; subject. 

7 . The ojunion abova illustmtcd, that our sight 
does not givp ,us a direct knowledge of the relations of 
solid space, and ^ohfit this knowledge ls acquired only 
by an inference of the mindj^^vas first clearly taught 
by the celebrated Bishop Berkeley®, and is a doctrine 
now generally assented to by metaphysical speculators. 

But docs the sense of to'mh give us directly a know- 
ledge of space? This is a question which has attracted 
considerable notice in recent times ; and new light has 
been tlirown upon it in a degree which is very remark- 
able, when we consider that the philosophy of percep- 
tion has been a prominent subject of inq\iiiy from the 
earliest times. Two philosophers, advancing to this 
inquiry from difierent sides, the one a metaphysician, 
the other a physiologist, have independently anived at 
the conviction that, the long current opinion, according 
to whichL’'we acquire a knowledge of spfice by the sense 
of touch, is ciToneous. And tlie doctrine which they 
teach instead of the ancient errour, lias a very imi>or- 
tant bearing upon the principle wiiich we are en- 
deavouring to establish, — ^that our knowledge of space 
and its properties is derived rather from the active 
ojierations than from the passive impressions of the 
percipient mind. 

Undoubtedly the persuasion that we acquire a know- 
ledge of form by the touch is veiy obviously suggested 
by our common habits. If we wish to kiiQW the form 
of any body in the dark, or to correct the impressions 
convoyed by sight, when wc suspect tliem to be false, 
we have only, it seems to«us, at least at first, to stretch 
forth the hand and touch the object ; and we learn its 


Th^or^ 0/ Vision. 
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shape with no chance of eiTour. In these cases, form 
appears to be as immediate a perception of the sense of 
touch, as colour is of the sense of sight, 

^ 8. Bjit is this perceptiiin really the result of the 
passive sense of touch merely ^ Against such an opi- 
nion Dr. Brown, the metaphysician of whom I speak, 
urges^® that the feeling of toucli alone, when any ob- 
ject IS applied to the hand, or any othe^paili ot*the 
body, can no more convey the conception of form or 
extension, than the sensation of an oc|pyr or a taste 
can do, except we liave alrjeady somc*knowledge of the 
relative position of th<? pai*ts of our Indies; that is, 
except we are already in possession of an idea uf space, 
and have, in our minds, referrecj our limbs to tlieir 
positions; whicli is to sup|X)sc the conception of form 
already acquired. 

9. By what fiujulty then do we on'ginally acquire 
our conceptions of the relations of position ) Brown 
answers by the muscular sense; that is, by the con- 
scious exeiiions of the various inusclj^s by which we 
move o\ir limbs. When wc feel out the form and po- 
sition of bodies by tlui Jiaud, our knowledge is acquired, 
not by the mere touch of the body, but by perceiving 
the coiii-se the lingers ^must take in order to follow the 
surface of the body, or to jjass from one bdrly to an- 
other. Wc are conscious of the slightest of the volitions 
by which we tlms feel out form and place; we know 
whether wc move the finger to the light or left, up or 
down, to us or from us, tlnxmgh a Jaige or a smTill 
space; mid all these conscious acts are bound together 
and regulated in our minds by an idea of an extended 
space in which they are performed. That tliis idea of 
space is not boiTOWcd from the sight, and transfeiTed 
to the muscular feelings by habit, is evident. For a 
man bom blind can feel ont his way with his staff, and 
has his conceptions of position determined by the con- 
ditions of space, no less than one who has the use of 
his eyes. And the muscular consciousness wliicli re- 
veals to us the position of objects and parts of objects, 
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when we feel them out by means of the hand, shows 
itself in a thousand other ways, and. in all our limbs: 
for our habits of standing, walking, and all other atti- 
tudes and moti(ms, are regvlated by our feeling of o\\v 
position and that of surrounding objects. And thus, 
we cannot touch any object without learning something 
respecting its jiosition; not that the sense of touch 
directly con\;eys such knowledge ; but we have already 
learnt, from the muscular .sense, constantly exercised, 
the position of^the limb which the object thus touches. 

lo. The justi<ie of this distinction will, I think, be 
assented to by all persons whd attend stejulily to tlie 
process its(df, and might l)e maintained by many for- 
cible raisons. Perhaps one of the most striking evi- 
dences in its favour is that, as I have already intimated, 
it is the opinion to which another distinguiaheil phi- 
losopher, Sir Chari CsS Bell, has been led, reiisoning 
entirely upon physiological principles. From his re- 
searches it resulted that besides the nerves wdiich con- 
vey the impulse of the will from the brain to the 
muscle, by whicli eveiy motion of our limbs is pro- 
duced, there is aijiother set of nerves which cany back 
to the brain a sense of the condition of the muscle, 
and thus regulate ii^i activity; and give us the con- 
sciousness of our position and relation to surrounding 
objects. The motion of the hand and fingers, or the 
consciousness of this motion, must he combined with 
the sense of touch properly so called, in order to make 
an«inlet to the knowledge of such relations. This con- 
sciousness of 'muscular exertion, which he has called a 
sixth sense', is our guide, Sir C. Bell show’s, in the 
common practical government of onr motions; and he 
states that having given this explanation of perception 
as a physiological doctrine, he had aftei*wards with 
satisfaction seen it confirmed by Dr. Brov?n:i’s specu- 
lations. 

I T. Thus it appears that our consciousness of the 
relations of space is inseparably and fundamentiilly 
connected with our own actions in space. We perceive 


Bnd^evxUcr Treatise, ip. iqs. Phil Trans, 1826, Pt il. p. 1C7. 
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only while we act; onr sensations require to be inter- 
preted by our volitions. The ai)prehen8ion of exten- 
sion and figure is far from being a process in which we . 
au^e inerjjand passive. We draw lines with our fingers; 
we constonct surfaces by curving our hands ; we gene- 
rate spaces by the motion of our arms. When the 
gcomptcr bids us form lines, or surfaces, or solids by 
motion, he intends his injunction to be ’ ta^en as ifypo- 
thetical only; we need only conceive such motions. 
But yet this h3q30the8Ls represents tnily J}he origin of 
our knowledge ; we perceiye spaces By motion at first, 
as we conceive spaces *by motion afbtiiwards : — or if 
not always by aqtual motion, at least by potential. If 
we pei*ceive the length of a staff by holding its two 
ends in our two hands without running the finger 
along it, this is because by habitual motion we have 
alread/ acquired a measure of the distance of our 
hands in any attitude of which we are conscious. 
Even in the simplest case, our perceptions are derived 
not from the touch, hut from the sixtji. sense ; and this 
sixth sense at least, whatever may be the case with the 
otlasr five, implies an jictive mind along with the i)as- 
sive sense. 

12 . Upon attentive consideration, it wdlj be clear 
that a large portion of the j)crceptioiis respecting space 
which appear at tii^st to be obtained by sight alone, 
are, in fact, acquired by means of this sixth sense. 
Thus we cimsider tlie visible sky as a single surface 
surrounding us' and returning ijito* it^df, and titus 
forming a liemisphere. But such a mode of conceiving 
an object of vision could never have occiirrcd to us, if 
we had not been able to turn our he^ds, to follow this 
surface, to pursue it till we find it returning into itself. 
And when we have done this, we necessarily present 
it to oursqjycs as a concave inclosure within whjch wo 
ai’e. The sense of sight alone, without the power of 
muscular motion, could not have led us t() view the 
sky as a vault or hemisphere. Under such cii’cum- 
stances, we should have j)erceived only what was pre- 
sented^ to the eye in one position; and if* different ap- 
pearances had been presented in succession,, we could 
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not have connected them as parts of the same picture, 
for want of any perception of their relative positioii. 
They would have been so many detached and inco- 
herent visual sensations. The muscular sense, ^connec^ts 
their pai-ts into a whole, making them to be only dif- 
ferent portions of one universal scene®. 

1^. These considerations point out the fallacy of a 
very curiou^i, representation made by Dr. Reid, of the 
convictions to which man would be led, if he j)ossessed 
vision without the sense of touch. To illustrate this 
subject, Reid usfes the fiction of a nation whom he 
terms the Tdmienianffy who haVe no sense except that 
of sight. He describes their notion?^ of the relations 
of space as being ^^ntirely different from ours. The 
axioms of their geometry are quite contradictory to 
our iixioms. For example, it is held to be self-evident 
among them that two straight lines which ilfitersect 
each other once, must intersect a second time ; that the 
three angles, of any triangle are greater than two right 
angles; and the. like. These paradoxes are obtained 
by tracing the relations of lines on the surface of a 
concave sphere, which surroundj? the spectator, and on 
-which all visible appearances may be supposed to be 
presented to him. But from what is said above it ap- 
pears that the notion of such a sphere, and such a 
connexion of visible objects which ai*c seen in different 

It has been objected to this view as a of the picture. That 

that we might ob1^5u a^onception of sight, of itself, can give us only a 
the sky as a hemisphere, by being pUne picture, the doctrine of Bcrke- 
ourselves turned round, (as on a ley, appears to be indisputable ; and, 
music-stool, for instance,) and thus no less su;, the doctrine that it is 
seeing in succession all parts of the the consciousness of our own action 
sky. But this assertion 1 conceive to in space which puts together these 
bo erroneous. By being thus turned pictures so that they cover the sur- 
round, Ve should see a number of face of a solid body. We can sec 
pictuxes which we should put togo- length and breadth with our eyes, 
ther as parts of a plane picture; and but we must thrust out our arm 
when we came round to the original* towards the flat surface, in order 
point, we should have no possible that we may, in our thoughts, corn- 
means of deciding that It iixu the bine a tlilrd dimension wit|\ the other 
tarn point: it would appear only two. 
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directions, cannot be arrived at by sight alone. When 
the spectator combines in his conception tho relations 
of long-drawn lines and large figures, as he sees them 
by, turning his head to the »ght and to the left, up- 
wards and downwards, ho ceastis to be an Idomeniau, 
And tlius our conceptions of the projierties of space, 
derivei^ through the exercise of one mode of percep- 
tion, are not at variance with those obtained in anoSier 
way; but all such conceptions, however produced or 
suggested, are in harmony with each otl^Q); ; being, as 
has already been said, onl^ (lifibrent aspects of the same 
idea. 

14. If our pog'cei)tiohs of the position of objects 
around us do not depend on the scyse of vision •alone, 
but on the muscular feeling brought into play when we 
turn our hoad, it will obviously follow that the same is 
true whin we turn the eye inste£wl of the liead. And 
thus we may learn the form of objects, not by looking 
at them with a fixed gaze, but by following the boun- 
daiy of them with the eye. While tl^e head is held 
perfectly still, the eye, can rove along the outlines of 
visible objects, scrutinize each point iik succession, and 
leap from one point iio another; each siioh act being 
accompanied by a muscjular consciousness whi^i makes 
us aware of the direction in which tho look is travelling. 
And we may thus gtither information concerning the 
figures and places which we trace out wiUi the visual 
ray, as the blind man k*4ims the forms of things which 
he traces out with his staff, being oon^cious of th^ 
motions of his liand. 

15. This view of the mode in which the eye per- 
ceives position, which is thus suppoHed by the analogy 
of other meinbei*s employed for the same purpose, is 
further confirmed by Sir Charles Bell by physiological 
reasons. Ifc teahhes us that’ when an object is ^een 
we erai)loy two senses : there is an impression on the 
retina ; but we receive also the idea of position or rela- 
tion in space, which it is not* the office of the retina to 

• give, by our consciousness of the efforts of the voluntary 


* PhU. Ttan$. 1823. On the Motions of the Eye. 
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muscles of the eye: and ho has tniced in detail the 
course of the nerves by which these muscles convey 
their information. The constant aea/rching motion of 
the eye, as he terms it^ the means by wh\ch we ^be- 
come awai*e of the position of objects about us. 

1 6. It is not to our present pmi)Ose to follow the 
physiology of this subject; but we may notice tjhat Sir 
C. Bell h;u examined the special circumstances which 
belong to this opei-ation of the eye. Wc letirn from him 
that the parycular point of the eye whicli thus traces 
the forms of visible objects is a ])art of the retina 
which has been termed the serndhle spot; being that 
paii) which is ^aost diathictly sensible to the impressions 
of light and colmu% Tliis part, indeed, is not a spot of 
definite size and form, for it appears that proceeding 
from a certain point of the retina, tlie distinct sensi- 
])ility diminishes on every side by degrees. ‘And the 
searcliing motion of the eye arises from the desire 
which we instinctively feel of receiving upon the sensible 
spot the iinagCi of the object to which the attention is 
directed. We ai’e uneasy and impatient till the eye 
is turned so that this is effected. And as our attention 
is transferred from point to point of the scene befijre 
us, the^ eye, and this point of the eye in particular, 
travel along with the thoughts; and the muscular sense, 
which tells us of these movements of the orgsui of 


’ Bndgm'aUf^Traatwet p. 282. I 
liave adopted, in 'writing the above, 
the views and expressions of Sir 
Charles BelL The essential part of 
the doctrine there presented is, that 
the eye constantly makes efforts to 
turn, so that the image of an object to 
which our attention is drawn, shall 
fall upon a cei*taln particular point of 
the retina; and that when the image 
falls upon any other point, the eye 
turns away from this oblique into the 
direct position. Other writers have 
maintain^ that the eye thus turns 


not because the i)olnt on which the 
imag(* falls in rlirect vision is the most 
setisihh point, but that it is the point 
of grratent di^inctneas ofyisloa, Tliey 
urge that a small star, which disajv* 
I>oars when the eye is turned full upon 
it, may oftln be by looking a 
little away from it: and hence, they 
infer that the parts of the retina re- 
moved from the spot bf direct vision, 
are more sensible than it isi The 
facts are very curious, however they ' 
be explained, hnt they dq. not disturb 
the doctrine delivered in the text. 
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vision, conveys to ns a knowledge of the forms and 
places which we thus successiv^ely survey. 

17, How much of activity there is in the process 
by jwhich perceive the oiifclines of objects appears 
further from the language by which we describe their 
forms. We apply to them not merely adjectives of 
form, h|^it verbs of motion. An abnipt hill starts (^ut 
of the plain ; a beautiful figure has a glhlmg outline. 
We have • 

The windy Bumniit, wild and liigl^. 

Roughly rushing Ctfi tho sky. * 

These terms express tlxc ccxursc of the eye as it follows 
the lines by which Nuch forms are bounded axid marked. 
In like manner another modern poet” says of Soracte, 
that it 

^ From out the plain 

Jleavea like a long-swept wave about to break, 

And on tho curl hanys imusing. 

Thus the muscular souse, wlucli is inseparably con- 
nected with an act originating in otir own mind, not 
only giv(is us all that i»oi’tion of our, percc])tions of 
spixee in which we use the sense of touch, but also, at 
least in a great measure^ another large poi-tion of such 
perceptions, in which we employ the sense sight. 
As we have before seen that our Jcnowhdge of solid 
s]>ace and its pio))ertio3 is not conceivable in any other 
way than as the result of a mental act, govenitid by 
conditions deiK*nding on its own nature; so it noA\» 
appears that our perceptmis of visible fi^re are not 
obtaiiujd Avithout an act performed under the same 
conditions. The sensxitions of touch and sight are sub- 
ordinated to an idea which is the basis of our specula- 
tive ki^owledge concerning space and its relatioxis; and 
this same idc^ is disclosed to our consciousness by^ its 
practically regulating our intercourse with the external 
world. 

By considerations such as have been adduced and 
f eforred to, it is proved beyond doubt, that in a great 
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niimber of cases our knowledge of form and position is 
acquii'cd from the muscular sense, and not from sight 
directly : — ^for instance, in all cases in which wc have 
before ns objects so larger and prospects sq. extcnjstive 
that we cannot sec the whole of them in one position 
of the eye”. 

^We now quit tlie consideration of the proptji'ties of 
Space, and consider the Idea of Time, 


® The expression in the flrat edition 
was Marge objects and extensive 
spaces.' In the text as now given, I 
state a>dcflnitc size and extent, with- 
in which the sight by itself can judge 
of position and llgure. 

The doctrine, that we require the 
asbisianee of the muscular sense to 
enable us to perceive space of tlm‘o 
dimensions, is not at all inconsistent 
with this other doctrine, that M'ithtn 
the space which is seen hy the fixed 
eye, we perceive the ^dative positions 
of points directly hy vision, and that, 
consequently, we have ^ perception 
of vUdtjk)i<g'urc, 


Sir Charles Hell has said, (Phif, 
^frans. 1823, P- ^Si,l ‘ It appears to 
me that the utmost ingenuity will he 
at a loss to devise an explanation of 
that power by which the eye becomes 
acquainted with the position and re- 
lation of objects, if the ,»ensc of mus- 
cular activity be excluded which ac- 
companies the motion of the eyeball.’ 
But surely wo should have no diffi- 
culty in perceiving the relation of the 
sides and angles of a small triangle, 
placed before the eye, even if the 
muscles of the eyeball were severed. 
This subject is resumed b. iv. c. ii. 
sect. xr. 



CHAPTER VII. 
Op the Idea op Time. 


1. TiESPECTING the Idea of Time, we may make 
XV several of the same reniaiks which we miide 
conceining the idc^^i of S])acc, in order h> show tliat it 
is not ho)Towed from experience, hyt is a bond df con- 
nexion among the impressions of sense, derived fi'oni a 
pecidiar activity of the mind, and forming a foimda- 
tiem botfi of our experience and of oiu* speculative 
knowledge. H 

Time is not a notion obtjuned by experience. Ex- 
])ericnce, that is, the impressions of sen^ and our con- 
sciousness of our thoughts, gives us various pcrccj)- 
tions; find tliffercnt successive perceptions considered 
togetlicr exemplify the notion of cliange. But this 
v(u*y connexion of difftyent perceptions, — ^this^succes- 
sivenes.s, — ^j)resupposes that the i>erccptions exist in 
thm. That things happen either together, or one after 
the other, is intelligible only by assuming time as the 
condition uiidc)’ which they fire prcseutecl to us. 

Thus time is Ji necessaiy condition m t^e presenta- 
tion of all oeciirreiices to our minds. We cannot con- 
ceive tliis coinlition to he tixken away. We can con- 
ceive time to go on while nothing happens in it ; but 
we cannot conceive anything to liappen while time 
does net go on. 

It is .cleanfrom this that time «s not an impression 
derived from experience, in the same iminner in wliicli 
we derive from exifcrience our information conceming 
the objects which exist, andf tlie occurrences which 
^ke place in time. The objects of experience can 
easily be .conceived to be, or not to be : — ^to be absent 
fis well as ^present. Time always is, and always is 
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present, and even in our tlioiiglits we cannot form tlie 
contraiy supposition. 

2. Thus time is something distinct from the matter 
or substance of our oxpoilonce, and may be •lonaido^'ed 
as a necessaiy form which that matter (tlie cxi)crience 
of change) must assume, in order to he an object of 
contemplation to the mind. Time is one of th? neces- 
sary conditions under which we apprehend the infor- 
mation which our senses and consciousness give us. 
By considering; time as a form which belongs bj our 
power of apprehending occiyTcnces and changes, and 
under which alone all such experience can be ticcepte<l 
by the mind, we exjdain the necessity, which we find 
to exist, of conceiving all such changes as happening 
in time ; and we thus see that time is not a property 
perceived as existing in objects, or as conveyed to us 
by OUT* souses; but a condition impressed upon our 
knowledge by#hc constitution of th<3 mind itsiilf ; in- 
volving an act of thought as well as an imi)rcssion of 
sense. 

3- We showed that space is an idea of the mind, 
or foiin of our perceiving pow^ei*, independent of (‘X- 
pericnce, by pointing out that we possess necossaiy 
and unf^versal truths concerning the relations of sjiacc, 
wliich could never be given by means of (^xperiemee; 
but of which the necessity hi readily c(»uceivabl(?, if we 
suppose them to have for their btisis the constitution 
,of the mind. There exist also respecting number, 
many ti*uth‘ absolutely necessaiy, entirely indepoiident 
of experience and anterior to it; and so far as thci con- 
ception of number depends upon tlie idea of time, the 
same argument might be used to sliow that the idea of 
time is not derived from experience, but is a result of 
the native activity of the mind : but we shall defer all 
views of this kind till we come to the coiiaidci’ation of 
Number. 

4. Some persons have supposed that we obtain the 
notion of time from the perception of motion. But it 
is clear that the pci'ception of motion, that is, change 
of place, presupposes the conception of time, and is not 
capable of being presented to the mind in any other 
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way. If we coxiteiaplate the same body as being in 
tlifferent places at different times, and connect these 
observations, we liave the conception of motion, which 
tln^ presypposcs the necessary conditions that exist- 
ence in time implies. And thus we see that it is pos- 
sible there shoidd be iioccssaiy tniths concerning all 
Motioi^ and consequently, concerning those motions 
which are the objects of experience; hv^ that file 
source of this necessity is the Jdeas of Time and Space, 
which, being universaL conditums of kygwledge re- 
siding in the mind, afford ^ fomidation for necessary 
tinths. * 



CHAPTER Vm. 

c • 

Of some Peculiarities op the Idea op Time. 


I. rilHE Time, like the Idea of Space, offers 

JL to our' notice some characters wliicli do not be- 
long to our fundamental iefeiisf generally, bub 'which are 
deserving of remark. These^ characters a.i*e, in some 
respects, closely similar 'with regard to Time and to 
Space, while, in other respects, the peculiarities of 
these two ideas are widely different. We shall point 
out some of these characters. t 

Time is not a general ahstrcbct notion colhxjtc^l from 
experience; as, for example, a certain general concep- 
tion of the relations of things. For we do not considtir 
particular twi& as examples of Time in general, (as we 
consider pai-ticplar causes to be examples of Cause,) 
but we conceive all particular times to be parts of a 
single and endless«Tinie. This continually-flo'wing and 
endless 'time is what offers itself to us when we con- 
template any series of occim-ences. All actual and 
possible timtjs exist as Parts, in this original and gene- 
ral Time. And since all particular times arc con- 
•sidered as deriyahlc from time in general, it is manifest 
that the nCtion of time in general cannot be derived 
from the notions of particular times. The notioi;i of 
time in general is therefore not a general conception 
gathered from experience. 

2. Time is infinite. Since all actual and ]>,ossible 
times exist in the general course of time^ this genei*al 
time must be infinite. All limitation merely fi'vidcs, 
and does not terminate, the extent of absolute time. 
Time has no beginning and no end ; hut the beginning 
and the end of every other existence takes place in it. 

3. Time, like space, is not only a fonn of per-' 
ception, but of intuUion, We contemplate fcvents as 
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taking place in time. We consider its parts as added 
to one another, and evente as filling a larger or smaller 
extent of such pai’ts. The time which any event takes 
up the sum of all such par^, and the relation of the 
same to time is fully understood when we can clejirly 
see what portions of time it occupies, and what it docs 
not. Thus the relation of known occurrences to time 
is perceived by intuition; and time is a f^rm of Ai- 
tuition of the external world. , 

4. Time is conceived as a quantity of one dimen- 

sion ; it has great analogy with a line, '•but none at all 
with a surface or solid. •IHme may be considered as 
consisting of a series of inrtants, which are before and 
alter one another; and they hav^c no otliei* relation 
than this, of before and afie.i\ Just Ihe same would be 
the case with a series of points taken along a linh; 
each woidd be after those on one side of it, and Ixdbro 
those on another. Indeed the analogy between time, 
and space of one dimension, is so close, that the same 
terms are applied t(j both idetis, and we hardly know 
to wliich they originally belong. Times and lines are 
alike called loncj and sho^rt; we speak the beginning 
and end of a line; of a poind of time, and of the limits 
of a portion of duration. . 

5. But, as has \)ecn said, there is nothing m time 
which coiTcspojids to more than one dimension in 
space, and lumcc nothing wliich has any obvious aua- 
logy >\ith ligiu'e. Time resembles a lino indeiinitely 
extended both ways; all partial times jire portions of* 
this line; and no mode of conceiving time Suggests to 
us a line making any angle with the original line, or 
any other combination which might give lise to figures 
of any kind. The analogy between time and space, 
which Jn many ciicnmstances is so clear, here disap- 
pears altoget]ier. Spaces of two and of three dimen- 
sions, planes and solids, have nothing to which wc can 
compare them in the concei)tions arising out of time. 

6. As figure is a conception solely appropiiatt^ to 
jspace, there is also a conception wliich pecufiaiiy be- 
longs to time, namely, the conccjition of recuiTence of 
times similarly marked ; or, as it may be termed, 
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rhythm^ using this word in a general sense. The temri 
rhythm is most commonly used to designate the recur- 
rence of times marked by the syllables of a verse, or 
the notes of a melody : but it is easy to seje that ^the 
genei*al conception of such a recurrence does not de- 
pend on the mode in which it is impressed upon the 
sense. The forms of such recurrence are mnumci’able. 
Tlfus in su^^h a line as 

QuddrupediCnte patrdm quatit tingula cdmpum, 

we have alto'Ti^tely one long or forcible syllable, and 
two short or light ones, rcciyrring over and over. In 
like manner in our own language, in the line 

At the cldsc of the ddy when tho^'b^^mlet is still, 

we have two light and one strong syllable repeated 
folhr times over. Such repetition is the essence of ver- 
sification. The same kind of rhythm is one of the 
main elements of music, with this difference only, that 
in music the forcible syllables are made so for the pur- 
poses of rhythm by their length only or principally; for 
example, if either of the above lines were imitated by 
a melody in the most simple and obvious manner, each 
strong syllable would occupy exactly twice as much 
time as two of the weaker ones. Something veiy 
analogo^tis to such idiythm may^be traced in other parts 
of poetry and art, winch wc need not here dwell upon. 
But in reference to our present subject, wo may remark 
that by the introduction of such rhytlim, the How of 
4ime, wliich ap])ears otherwise so perfectly simple and 
homogeneoTl^ admits of an inlioite number of varieil 
yet regular modes of progi*ess. All the kinds of versi- 
fication which occur in all languages, and the still 
more varied forms of recurrence of notes of different 
lengths, which ‘are heard in all the varied strains of 
melodies, ai*o only examples of such modifications, or 
configurations as we may call them, of time. They in- 
volve relations of various |K)rtions of time, as figures 
involve relations of various portions of space. But yet 
the analogy between rhythm and figure is by no means, 
very close ; for in rhythm we have relations of quantity 
alone in the parts of time, whereas in figure' we have 
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relations not only of quantity, but of a kind altogether 
different, — naiiiely, of position- On the other hand, a 
rej)etition of similar elements, which does not necessa- 
rily occu^ in figures, is quit!? essential in order to im- 
press upon us that mcjisured progress of time of which 
we Lore speak. And tlnis tlio idejxs of time and space 
have each its peculiar and exclusive relations ; position 
and figure belonging only to space, whil^ repotiAon 
and rliythm are appropiiatc Jjo time. 

^ 7. One of the simplest forms of vecun'enco is alter- 
nation, as when wo have alternate »?trong and slight 

syllables. For instance,— 

« * 

Aw^kcj arise, or hd for dver fillfn. 

Or without smy subordination, as when we reckon num- 
oers, and call them in succession, odd, even, odd, even. 

8. Ihit tlie simplest of all forms of recurrence is 
that which has no vju-ietyj — ^in which a series of units, 
each considered as exactly similar to tlie rest, succeed 
each otlier ; as one, one, one, and so on. In this case, 
however, wo arc led t(j consider each unit with refer- 
ence to all that have preceded ; and thjis the series on>e, 
one, one, and so fortli, becomes one, two, three, four, 
five, and so on ; a series with which ^^11 ai-e familiar, and 
which may he contiiiu&l without limit. 

We thus collect from that repetition of which time 
julinits, tlie conception of Number. 

9. The relations of position and figui-o are the sub- 
ject of the science of geometry; and.are, as we have 
already said, traced into a veiy remarka6ife and exten- 
sive body of truths, which rests for its foundations on 
axioms involved in the Idea of Space. There is, in 
like manner, a science of great complexity and extent, 
whieV ha.s its foundation in the Idea of Time. But 
this science^ as it is usually pursued, applies duly to the 
conception of Number, which is, as we have said, the 
simplest result of repetition. This science is Theoreti- 
cal A rithimtie, or the specijative doctrine of the pix)- 
perties and relations of numbers; and wo must say a 
few words concerning the principles which it is requi- 
site to assume as the basis of this science. 



CHAITER IX. 

Of the Axioms whioh iielate to Number. 


j. rilHE fouudfitionH of our spcculiitive knowledge of 
X the relations and propA*ties of Number, as well 
as of Space, ‘are contained in the mode in which we 
represent to oui'selves the inagnituJes wliich are the 
subjects of oiu* roiisonings. To express these foundatioi^ 
in axioms in the case of number, is a matter requiring 
some consideration, for the same reason as in »'ihc case 
of geometry ; that is, because these axioms are piiiici- 
jdes which we assume as true, without being aware 
that we have made any assumption; and we cannot, 
without carefur scrutiny, determine when we have 
stated, in the form of axioms, all that is necessary 
for the formation of the science, and no more than is 
necessary. We will, however, attempt to detect ihe 
principle*^ which really must form the basis of tlieo- 
retical arithmetic, 

2. Why is it that three and two arc crpial to four 
and one? Because if wo look at five things of any 
hand, we see th:^t it is so. The five are four and one ; 
they are alsd three and two. Tl\o truth of our asser- 
tion is iiivoh"ed in our heing ahio to ctmccivc the 
number five at all. We j)ei*ceivo this truth by iritui- 
tioTi, for we cannot see, or imagine wc see, live things, 
without perceiving also that the assertion above sfn>ted 
is true. * ^ 

But how do we state in words this fundamental 
piinciide of the doctrine of num hoi’s? Let us consider 
a very simple case. If wc wish to show tluat seven 
and two are equal to four and five, wc say that seven 
are four and three, therefore seven and two are four 
and tliree and two; and because three and two are 
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live, this is four and live. Mathematical reasoners 
justify the first inference (marked by the conjunctive 
word therefore)y by saying that *^When equals arc 
ad^od to fquals the wholes f^e equal,” and that thus, 
since seven is equal to three and four, if we add two to 
both, seven and two ai-c equal to four and three and two. 

' 3. Such axioms as this, that when equals ai'c added 
to equals the wholes are equal, are, in ffict, ^xpressi^nis 
of the general condition of intuition, by which a whole 
is contemplated as made up of }>ai*ts, and as identical 
with the aggregate of thc^ ])arts. Amf a yet more 
general form in which \fe might more adequately ex- 
jtt'ess this condition of intuition would be this; that 
‘ Two magnitudes are equal when thejy can be divided 
into parts which are equal, each \o each.’ Thus in 
trie above example, seven and two are equal to four 
and fivcf because each of the two sums can be divided 
into the parts, four, three, and tw(>. 

4. In all these eases, a i>er>s(>n w’ho.had never seen 
such axioms enunciated in a verbal form wovdd employ 
the same reasoning as a iiractised mathematician, in 
order to satisfy himself^ that the pro])psition wjis tni(\ 
The ste[)s of the reasoning, being seen to be true by 
intuition, would cai’ry an entire cpnvictiou, whether 
or not the argument Vere made verbally complete. 
Hence the axioms may appear superfluous, and on 
this account such axioms have often been spoken con- 
temiituously of, as empty and barren assertions. In 
fact, ]iowev(»r, although they cannot i^u],^)ly the defl» 
cieiicy of the clear intuition of number ahd space in 
the i-oasoner liims(?lf, and rd though when he possesses 
such a hxculty, he will reason rightly if he have never 
heai*d of such axioms, they still have their })lace pro- 
perly ^at the beginnhig of our treatises on the science 
of quantity^* since they express, as simply as words 
can express, those conditions of the intuition of magni- 
tudes on which all reasoning concerning quantity must 
he based; and are necessary# when we want, not only 
, to see the truth of the elementary reasonings on those 
subjects, but to put such reasonings in a formal and 
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5. We have considered the above-mentioned axioms 
as the basis of all arithmetical operations of the nature 
of addition. But it is easily seen that the same j^iin- 
ciple may be caiTiod intoi othei* cases ; as for instaijce, 
multiplhcati(m^ which is merely a repeated addition, 
and admits of tlie same kind of evidence. Thus five 
times three are equal to three times five; why is this? 
If •we aiTfqigc fifteen things in five rows of three, it is 
seen by looking, or by imaginary looking, which is 
intuition^ that they may also be taken as three rows of 
five. And'tliurf the principle that those wholes are 
equal which can be resolved into the same partial 
magnitudes, is immediately applicable in this as in the 
other .ciase. 

6. We may proceed to higher numbers, and may 
find ourselves oliliged to use artificial nomenclature 
and notatiem in order to represent and reck(Ai them; 
but the reasoning in these cases also is still the same. 
And the usual artifice by which our reasotung in such 
instances is assisted is, that the number which is the 
root of our scale of notation (which is ten in our usual 
system), is altei*? lately separate*;! into parts and treated 
as a single thing. Thus 47 and 35 lire 82 ; for 47 is 
four tens and seven; 35 is three tens and five; whence 
47 and *35 are seven tens and twelve ;*that is, 7 tens, 
I ten, and 2 ; wliich is 8 tens and 2, or 82. The like 
reasoning is a|)plicablc in other cases. And since the 
most remote and complex properties of numbers arcj 
obtained by a ^irolongation of a course of reasoning 
exactly siiulfar to that by 'which we thus establisli the 
most elementary projiositions, we have, in the ])rin- 
ciples just noticed, the foundation of the whole of 
Theoretical Arithmetic. 



CHAPTER X. 


Gig* THE PeIICB1»T10N OP TiME AND NUMBEJl. 


I. Ijerccption of the pamigeof time involves 

a senes of acts memory. This i*s easily seen 
and assented to, when lai-ge intervals of time and Ji 
complex train of occurrences are, concerned. ■ But 
since inemoiy is rwpiisite in order to apprehend time 
in such cases, we e^innot doiiht that the same faculty 
must be* concerned in the shortest and simplest cases 
of succession; for it will hardly be maintained that 
the process hy which w'e contemplate -the progi*ess of 
time is different, when small, and whoi^ largo interv'^als 
are concerned. If memory be absolutely requisite to 
connect two events which begin and end a day, and to 
perceive a tract of time between them, it must he 
equally indispensable connect tiic beginning and 
end of a minute, or a second; though in this case the 
effoi*t may be smallei*, and consequently moi‘c easily 
overlooked. In common c;iaes, we are unconscious of 
the act of tliought by wliich we recollect tlic preceding 
instant, though we perceive the effort •wl^en we recol- 
lect some distant event. And this is analogous to 
what happens in other instances. Thus, we walk 
without being conscious of the volitions by which we 
move our muscles; but, in order to leap, a distinct 
and niauifhat exertion of the same muscles is necessaiy. 
Yet no one wrill doubt that we walk as well as leap by 
an act of the will exerted tlirough the muscles ; and in 
like manner, our consciousness of small as well as large 
intervals of time involves sosnething of the nature of 
» an act of memoiy. , 

2. Byt this constant and almost imperceptible kind 
of memory, by which we connect the beginning and 
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end of cacli instant as it passes, may very fitly be dis- 
tinguished in common cases from manifest acts of ‘re- 
collection, although it may be dJificult or impossible to 
separate the two opcraticAis in general. This perj>etual 
and latent kind of memory may be termed a sense of 
successiveriess ; and must be considered as an internal 
sense by which we perceive oui-selves existing iji time, 
much in the same way as by our extemal and mus- 
cular sense we perceive •ourselves existing in space. 
And both qiv' internal thoughts and feelings, and the 
events which tatre place armmd us, are a}>prehcnded as 
objects of this internal sense, and thus as taking place 
in time. 

3. ‘In the same, manner in w'hich our interfnetation 
of the notices of the muscular sense im])lies the power 
of moving our limbs, and of touching at will this 
object or that; our apprehension of the refations of 
time, by means of the internal sense of successiveness, 
implies a pcjwer of rccidling what has past, and of 
retaining what, is passing. We are able to seize the 
occurrences which Jiave just tak(m place, and to hold 
them fast in our minds so a.s mentally to measure their 
distance in time from occurrences now present. And 
thus, this sense <tf succc^ssivei^ess, like the muscular 
sense with which we have compaj’ed it, implies acti- 
vity of the mind itself, and is not a sense passively 
receiving impressions. 

4. The conception of Kumher appears to require 
l,he exercisg/)f «the sjime sense of succession. At first 
sight, indeecl, we seem to apprehend ITumber without 
any act of rnemoiy, or any wferenco to time : for ex- 
ample, wc look at a horse, and see that liis legs arc 
four ; and this we seem to do at once, without reckon- 
ing them. But it is not difficult to sec, that this 
seeming instantaneousness of the perceptcon of small 
numbers is an illusion. This resembles the many 
other cases in which we perform short and easy acts 
so rapidly and familiarly that we are unconscious of 
them; as in the acts of seeing, and of articulating our 4 
words. And this is the more manifest, since >v’e begin 
our acq^iaintance with number by counting even the 
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flinallcst numbers. Cliildren and very rude savages 
must use an effort to reckon even their five fingers, 
and find a difficulty in going fiirthcr. And persons 
haye beej^ known who weu able by habit, or by a 
j)eculiar natural aptitude, to count by dozens as rapidly 
as common persons can by units. We may conclude, 
therefjjre, that when we appear to catch a small num- 
ber by a single glance of the eye, we do ir- fact count 
the units of it in a regular,, though very brief succes- 
sion. To count retjuires an act of menjjr)|;y. Of this 
wc are sensible when we epunt very lilowly, as when 
we reckon the strokes of a church-clock; /or in such a 
case we may forged, in thef intervals of the strokes, and 
immntnt. Now it will not bo doul^ted that the iiatuj'o 
of the process in counting is the sairio whether we 
count fast or slow. There is no definite sj>eed of 
reckouiifj;v at which the faculties which it requires arc 
changed; and therefore memoTy, which is requisite in 
some COSOS, must be so in all\ 

The act of counting, txooy three^ and so on,) is 
the foundation of all our knowledge? of number. Tlie 
intuition of tlu' relatiojis of nujuber involves this act 
of counting; for, as avo have just seen, the conception 
of uurnb(!r Cfinnot be obtained in aiiy other way. And 
* thus the wliole of theoretical anthmotic depends ujiori 
an act of the mind, and \ipon the conditions which the 
exercise of that act iniplii's. These have been already 
ex})lained in the hist chai)ter. 

5. But if the apprehension of numJ)e^ bo ficcompa-' 
niod by an act of the mind, the ai)])rehension of 
rhythm is so still more cle;irly. All the forms of ver- 
sification and the meamres of melodies are the creations 
of man, who thus realizes in words and sounds the 

1 I have considTred Number as ir- and those cases of small numbers, in 
volving the exercise of the sense of W'hich wo seem to see the numlier at 
succession, Iwcause I cannot draw one glance. But If any one holds 
any line between those cases of large iJunibcrtobe apprehended by adirect 
> numbers, in which, the process of act of intuition, as Space and Time 
counting bcpig performed, there is a arc, this view will not disturb the 
manifest apprehension of succession ; other doctrines delivered Iji the text 



144 PHILOSOPHY OP THE PURE SCIENCES. 


forms of recurrence which rise within his own mind. 
When we hear in a quiet scene any rapidly-repeated 
80 \ind, as those made by the hammer of the smith or 
the saw of the carpenter every one knows Ijow insen- 
sibly we throw these noises into a rhythmical form in 
our own apprehension. We do this even without any 
suggestion from the sounds themselves. For ii^^tance, 
if the beats of a clock or watch be ever so exactly 
alike, we still reckon them alternately tick-tack, tick- 
tack. That^.tihis is the case, may be proved by taking 
a watch <»r clock of such a £:onstruction that the return- 
ing swing gf the pendulum* is silent, and in which 
therefore all the beats are i*igorously alike : we shall 
find ourselves stilly reckoning its sounds jis ticX^-tack. 
In this inshvnee it is manifest that the rhythm is 
entirely of our own making. In melodies, also, and in 
verses in which the rhythm is complex, obsdare and 
dillicult, we |)erceive something is required on our 
.part; for wo are often incapable of contributing our 
share, and thqs lose the sense of the measure alto- 
gether. And when we consider such cases, and attend 
to whal passes within us when^we catch the measure, 
even of the simplest and best-known air, we shall no 
longer (Joubt that «ii axjt of oui; own thoughts is requi- 
site in such cases, as well a#' impressions on the sense. 
And thus the conception of this peculiar modilicatiou 
of time, which we have called rhythm, like all the 
other views which we have taken of the subject, shows 
^hat we mns^, ih order to fonn such conceyitions, supply 
a certain itfea by our oavu thoughts, as well as merely 
receive by senses, whether external or internal, the 
impressions of appearances and eullcctions of appear- 



NOTE TO CHAPTER X. 


1 HAVE in the last ten chapters described Space, Tijae, anrl Num- 
ber by various expressions, all ii^tended to p8iiit out their office 
as exemplifying the Ideal Klement of human kiio^edge. I have 
called them FundamaiUal Ideak; Fmns of Perception; Forms of 
Intuition; and perhaps other names. might add ye'rf other 
plirases. I miglit say that the pn>pertics of Space, Time, and^ 
Number are Laws of the Mind's Activity in apprehending what 
is. For tfle mind cannot apprehend any thing or event except 
conformably to the properties of space, time, and number. It is 
not only that it not, but it can not: and this impossibility 
shows that the law is a law of the mind, and^iot of objects ex- 
traneous to the mind. 

It is usual for some of4;hosc who reject the doctrines here 
presented to say that the axioms of geometry, and of other sci- 
ences, arc obtained by Induction from facW constantly presented 
by experience. But I do not see how induction can prove that a 
proposition 'must be true. The only intelligible usage of the word 
Jmlurllon appears to me to be, that in which it is applied to a 
proposition which, being separable from the facts in our appre- 
hension, and being compared with them, is s^en^^ agree with 
them. But in the cases now spoken of, the proposition is not 
separable from the facts. We cannot infer by induction that two 
straight lines cannot inclose a spiicc, because wc cannot contem- 
plate special cases of two lines inclosing a space, in which it re- 
mains tib be determined whether or not the proposition, that both 
are straight, is^ruc. • 

I do not deny that the activity of tho mind by which it per- 
ceives objects and events as related according to tho laws of 
space, time, and number, is awakened and developed by being 
* constantly exercised; and that we cannot imagine a stage of hu- 
man existence in which the powers have not been awakened and 
VOL. If ’L 
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developed by auch exercise. In this way^ experience and obser- 
vation are necessary conditions and prerequisites of our appre- 
hension of geometrical (and other) axioms. We cannot see the 
truth of these axioms withoutf some experience, becqnse we can- 
not see any thing, or be human beings, without some experience.' 
This might be expressed by saying that such truths are acquired 
necessarily in the course of all experience ; but T think is very 
undesirable tb apply, to such a case, the word Induction,, of which 
it is so important to us to keep the scientific meaning free from 
confusion. Incbiction cannot give demonstrative proofs, as I 
have already stated in Book I. 0. i.^ sect. 3 , and therefore cannot 
be the ground #of necessaiy truths. 

Another expression which may be used to describe the Fun- 
damenfal Ideas here spoken of is suggested by the. language of a 
*very profound and acute Review of the former edition. The Re- 
viewer holds that we pass from special experiences to universal 
truths in virtue of * the inductive propensity — the irresistible im- 
pulse of the mind to gcTieralize ad infinitum.* I have already 
given reasons why 1 cannot adopt the former expression ; but I 
do not see why space, time, number, cause, and the rest, may 
not be termed different forms of the impulse of the mind to genera- 
lize, But if we puf together all the Fundamental Ideas as results 
of the Generalizing Impulse, wo must still separate them as dif- 
ferent nfodes of action of that Impulse, showing themselves in 
various characteristic ways in the axioms and modes of reasoning 
which belong to different sciences. Tho Generalizing Impulse in 
one case proceeds according to the Idea of Space; in another, 
« according to the Idea of Mechanical Cause; and so in other 
subjects. 



CHAPTER XI. 

Of Mathematical JlEASONiNii. 


I. Discursim Reastming, — ^We seen that 

our notions of space, and their modifications, 

necessarily involv(i a certyJn activity of tl«e mind ; and 
tliat tlic conditions of this activity form the foundations 
of those sciences which have the relsttions of space, time, 
and number, for their object. Ujion.tho fundamental 
princijil^s thus established, the various sciences which 
are included in the term Pure Mathematical (Geometry, 
Algebni, Trigonometry, Conic Sections, and the rest of 
the Higher Geometry, the Differential Calculus, and 
the like,) are built up by a series of reasonings. Tlieso 
reasonings are subject to the rules of Logic, a« we have 
already remarked j nor ts it necessiiry htjre to dwell long 
on the nature and rules of such jirocesses. But wo may 
here notice that such processes are* termed dwcundvey 
ill oppositk)n to the operations by which we acquire 
our fundamental principles, which are, as we have seen, 
intuitive. This opposition was fonnerly very familiar 
to our writers; as Milton, — ^ 

. . . Tims tho soul reason reccivelf,^ 

Discursive or intuitive . — Paradise Lost, v. 438. 

For in such reasonings we obtain our conclusions, not 
by looking at our conceptions steadily in one view, 
whicli is intuit'io7i, but by passing from one view to 
another, lik# those who run from place to place (diifiur- 
aus). Thus a straight line may be at the same time a 
side of a triangle and a radius of a circle : and in the 
iirst proposition of Euclid aiine is considered, first in 
one of these relations, and then in the other, and thus 
the sidej^ of a certain triangle are proved to be equal. 
And by tliis ‘discourse of reason,’ as by oi^r older 
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writers it was termed, we set forth from those axioms 
which we perceive by intuition, travel securely oVer 
a vast and varied region, and become possessed of a 
copious store of matliema^ical trutlis. r * 

2. Technical Tetrm of Reasoning . — Tlie reasoning 
of mathematics, thus pi*occeding from a few simphj 
principles to many truths, is conducted accoiVing to 
the rules df Logic. Tf it be necessary, mathematical 
proofs may be reduced to dogioal forms, and expressed 
in SyllogisiiftSf' c^msistiiig of major, minor, and conclu- 
sitm. Hut in most cfises the ^vllogism is td‘ that kind 
whicli is cidicd by logical writers an Enihymeme; a 
w’ord which implies something existing in the thoughts 
only, and which d«wignatc.s a syllogism in wliich one 
of the premises i,s understood, and not expressetl. Thus 
w^e say in a mathematical proof, ‘ becAuse the point c 
is the center of the circle ab, ac is ecjual toSjc;’ not 
stating the. niajoVy — that all lines drawn from the cen- 
ter of a circle t(j the circumference are equal ; or intro- 
ducing it only by a transient reference to the definition 
of a circle. But the enthymeme is so constiintly used 
in all habitual 'forms of r(‘as<vmiig, that it do*‘S not 
occur to us as being anything peculiar in mathematical 
works. • ' * • 

I'lie propositions which are proved to bo generally 
true are termed Theorenis: but wlien a-iiy thing is 
reepared to be done, as to draw a line or a circle 
^under given conditions, this proposition is a Rrohlcrn. 
A theorem^>*xiifiros demonstration ; a prubleih, solution. 
And f(»r both purposes the mathematician usually 
makes a Construction. He tiirccts us to draw certain 
lines, circles, or other cui'vcs, on which is to be founded 
his demonstration that his theorem is true, or that his 
problem is solved. Sometimes, too, he establishet'. some 
LeiAma, or preparatory i>ro])osition, bcfori; he proceeds 
to his main task j and often he deduces from his de- 
monstration some conclusion in addition to that which 
was the profe.sscd object df his proposition; and this is 
termed a Corollary. * • 

These technical teims are noted here, not as being 
very important, but in order that they may not sound 
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strange and unintelligible if we should have occasion 
to juse some of them. There is, however, one technical 
distinction more peculiar, and more impoi-tant. 

3 . Gecgadrical Analysis and Synthesis . — In geome- 
trical reasoning sucli as we Jiave described, we intro- 
duce at every step some new consideration ; and it is 
by coi^bining all these consideiutions, that we arrive 
at tlie conclusion, that is, the demonsti-atioi^of the ]fro- 
])osition. Each step tends tp tljo final result, by exhi- 
biting some part of the figure under a new relation. 
To what we have already proved, is tidJleS something 
more; an<i hence this frocess is called Synthesis^ or 
putting together. The proof flows on, i‘eceiving at 
eveiy turn Jiew con tri but ions from different quai4.ers ; 
like a river fed aij<l augmenteil l)y many iributaiy 
streams. And each of these tributftries Hows from 
some ddfinition or axiom as its fountain, or is itself 
formed by the union of smaller rivuletiS which have 
siuii’ces of this kind. In descending, along its course, 
the synthetical proof gathers all these acc(^ssions into 
one common b-unk, the proposiiion fimilly ])rovcd. 

Hut wi) may procecjjl in a diflereiit manner. We 
may begin from the formed i*iver, ami ascend to its 
.souj-ces. We may take the proportion of which wo 
require a }»roof, and may oxaininc 'vvhat tlie supposition 
of its truth imjjlies. If this he true, then something else 
ma.y be so(jn to bo true; and from tins, something else, 
ami so on. may often, in tiffs w ay, discover of what 
simpler }>rt»positi(ms our theorem or sioliition is com- 
pounded,, and may resolve these in succesSoii, till we 
come to some proposition which is obvious. This is 
geometrical Analysis. Having succeedtid in tliis ana- 
lytical proc(iss, we may invert it; and may descend 
agaimfroin the simple and known proj)osi lions, to tlui 
proof of a theorem, or Jlie solution of a lU'oblcm, which 
was our start irigqdace. 

This process resembles, as we have said, tracing a 
river to its source^;. As w’e ascend the sti’eam, w^e j)er- 
pctually meet with bifurcfitions ; and some sagacity is 
needed to enable us see which, in each case, is the 
main stream : but if we proceeil in our research, wo 
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exhaust the unexplored valleys, and finally obtain a 
clear knowledge of the place whence the waters flow. 
Analytical is sometimes confounded with symbolical 
reasoning, on which subject we shall make a remark in 
the next chapter. The object of that chapter is to 
notice certain other fundamental principles and ideas, 
not included in those hitherto spoken of, which we find 
thrown in our way as we proceed in our mathematical 
speculations. It would do^n us too long, and involve 
us in subtle and technical discjuisiiions, to examine 
fully the grduilds of those principles; but the Mathe- 
matics hold so im])orhint a plaice in relation to the in- 
ductive sciences, that I shalkbricfly notice the leading 
ideas which the ulterior progress of the subject in- 
volves. 



CHAPTEfk XII. 


Of the Foundations op the Higher Mathematics. 


I. Tim Idea of a Limit. — ^^riiE gc^iciaf truths con- 
ceruiiig relations of spiic^ which dej)en(l upon the 
axioms and definitions cantained in Eucltd’s Ehimnts^ 
and which involvd only properties of straiglit lines and 
circles, arc tornu’d Eh;inenttiry Gdbmetry: all (>eyond 
this btdoiigs to the Higher Geometryw To this latter 
provinc# appertain, for example, all propositions re- 
specting the lengths of any portions of curve linos; 
for thesti cannot be obtaiiKul by memis of the princi- 
ples of the El cm cuts alone. Here then we niust ask to 
what other ]n]neiples the geometer hfis recourse, and 
from what soui cc these arc drawn. Is there any origin 
of geometrical tintli which we have not yet explored? 

The Idea of a TAmit su])plics a^new mode of esta- 
blishing inatheraaticaF truths. Thus with regard to 
the length of any poi-tion of a curve, a ]»roblem which 
we have just inentiomHi; a cuiwe is not made up of 
straight lines, and thcTefore we cjuinot by means of 
any of thci doctrines of elementary geometry measure 
the length of any curve. But we may mate up a figure 
nearly resembling any curve by putting together many 
short straight lines, just as a polygonal building of 
very many sides may nearly resemble a circular room. 
And^ in order to approach nearer and nearer to the 
curve, wo jnay make the sides more and more small, 
more and more numerous. We jnay then possibly find 
some mode of measurement, some relation of these 
small linos to other lines, jivhich is not disturbexl by 
the multiplication of the sides, however far it be car- 
ried. And thus, we may do what is equivalent to 
measuring the cuiwe itself; for by multiplying the 
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sides we may approach more and more closely to the 
curve till no appreciable difference remains. The curve 
line is the Limit of the polygon; and in this process 
we proceed on the Axioifk^ that ‘ What is tjaie up. to 
the Limit is tnie at the Limit.’ 

Tliis mod<3 of conceiving mathematical magnitudes 
is of wide extent and use; for eveiy curve may J)e con- 
sidered asfthe limit of some polygon; every vmied 
magnitude, as the limit qf some aggregate oi simpler 
fonns; and |hns the relations of the eleraentaiy figurcis 
enable us to adVance to the properties of the most 
complex cases. * 

A Limit is a peculiar and* fundamental conco])tion, 
the utiG of which in ])roviiig the propositions of the 
Higher Geometry cannot be HupeT*sedcd by any com- 
bination of other hypotheses and definitions*. The 
axiom just noticejLl, that wdiat is true uj[) to limit 
is true at the limit, is involved in the very concoptiou 
of a Limit : and this principle, with its consetpiences, 
leads to all the ^results which fonn the subject of the 
higher mathematics, whether proved by the considenv 
tion of evanescent tiiangles, b^ the processes of the 
Differential Calcidus, or in any otlier way. 

The ancients di*l not exprestjly introdiice this con- 
ception of a Limit, into their iiiathematical reasonings; 
although ill the application ()f what is termed tlie 


^ > Thia assertion cannot be fully 
provetl and illnsf’Wted'witliout a re- 
ference to matbeniatical rea.«onin^: 
which would not he generally intelli- 
gible. I have shown the truth of tbo 
assertion in my Tlmights wt the Study 
of MathejimticSf annexe<l to the Prin- 
ciples of English Vaiverttihj EdUm- 
tion- proof is of this kind:— 
The ultimate equality of an arc of a 
curve and the corresponding i>eri- 
phery of a iiolygon, when tiie slde.s of 
the polygon are Indeflnitely increased 
in number, is evident But this truth 
cannot be proved from any other 


aKiom. For if wo take the supposed 
r.ricm, that a curve is always less 
than the including broken line^ this is 
not true, except with a coiuJition; 
and in tracing the import of this con- 
dition, wo find its nocossity berome.s 
evident only wlien we intro^liice a 
reference to a Limit,, j\nd the same 
id the case if we attempt to supersede 
the notion of a I^iniit in proving any 
other simple and evident proposition 
in which that notion is involved. 
Therefore these evident truths are 
se?/'-cvideut, in virtue ofQuf Idea of a 
Limit 
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Method of Exhaustiom^ (in which they show how to 
exhaust tho difference between a polygon and a curve, 
or the like,) they were in fact proceeding upon an ob- 
scure) apprghension of princi]>)bs equivalent to those of 
the Method of Limits. Yet the necessary fundamental 
j)rinciple not having, in their time, been clearly de- 
velopedg their reasonings were both needlessly intricate 
and iinpei-fectly satisfactoiy. Moreover they were l^d 
to put in the pJjice of axioiui^ assumptions which were 
by no means self-evident; as when Ai’clfimedes as- 
sumed, f(r)r the basis of his /neasure df flie circumfer- 
ence of tho circle, the pl’oposition that a circular arc 
is necessarily less than t.wo lines whicC inclose it, 
joining its extremities. The reasonings of thotolder 
mathematicians, ^vllich proftissod to procetMl u}>on such 
assumptions, led to true rt^sults in realAv, only because 
they weifj guided by a latent refiTence to tho limiting 
case of sucli assumptions. And 'this latent emjdoyment 
of the conception of a Limit, reappeared in various 
hums during the early pori<xl of modei|i mntheni ities; 
as for example, in the Method of TndhnsihlHS of (Javal- 
leri, and the Chfiractm,%tic Triawjle of Jlarrow; till at 
last, Newton distinctly referre»d such reasonings to the 
conception of a Limit, and e^stablished the finidamcntal 
priiici]>les and processes which that conception intro- 
duces, with a distinctness and exactness which re- 
quired little imju’ovement to make it as unimpeachable 
as the dennmstiutioiis of geometry. And wlnui such 
processes as Newton thus deduced from, the conception 
of a Limit, arc rc]ircseutcd by means of gcheral alge- 
braical syml)ols instead of geometrical diagrams, wo 
Jiave tlien before us the Method of Fhu^lons^ or tln‘. 
Dlfferenikd Calculus; a mode of treating mathematical 
problejns justly considered as tlic princi])al weapon hy 
wliich the syleiidid triumphs of modem mathematics 
have been achieved. 

2. The Use of General St/nihols. — The employment 
of algebraical symbols, of wMch we have ju.st spoken, 
.has been another of the main instnmients to which 
the successes of modem matlieniatics are owing. And 
liere again the processes by which we obtain our 
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results depend for their evidence upon a fundamental 
conception, — the conception of arbitrary symbols as„tho 
Signs of quantity and its relations; and upon a cor- 
responding axiom, thatc ‘The inteq^rotfitijn of fiuch 
symbols ‘must be perfectly general.* In this case, as 
in the last, it was only by degrees that mathematicians 
wore led to a just apprehension of the gj'ounds of their 
ro-isoningf , For symbols were at first used only to re- 
present numbers considered with regard to their nu- 
merical pi’opoi*ties ; and thus the science of Algebra 
wiis formed. ’ l^<.it it was found, even in cases belonging 
to common algebra, that thl* symbols often admitted 
of an iutei'pretation which went beyond the limits of 
the problem, and which yet wjus not unmeaning, since 
it pointe(l out a question closely analogous to the ques- 
tion proposed. This* was the ctise, for exani])le, when 
the answer was n, negative quantity: h)rwhen Descartes 
had introduced the mode of re})resenting c\irves by 
means of algebraical relations among the symlmls of 
the co-ordinates^ or distances of eacli of their points 
from fixed lines, it was found that negative quantities 
must be dealt with sis not less truly significant than 
positive ones. And as the researches of luathema- 
ticiaus proceeded,, other cases also were found, in which 
the symbols, although destitufe of meaning according 
to the original conventions of their institutiem, still 
pointed out truths which could l>e verifi(xl in other 
ways; as in the cases in which wdiat are called impos- 
sible quantities^ occur. Such j)roeesses may usually be 
confiriried ‘•hpon other princifdcs, and the truth in 
question may be establLshed by means of a demonstra- 
tion in which no such seeming fallacies defeat the 
reasoning. But it has also bc^m shown in many such 
cases, that the pi-ocess in wliich some of the steps ap- 
pear to be without real meaning, does in f;ict involve a 
■ vaGd proof of the proposition. And what we have 
here to remark is, that this is not true accidentally or 
partially only, but that fhe results of systematic sym- 
bolical reasoning must always expi’ess general truths, 
by their nature; and do not, fur their justification, 
require each of the steps of the })rocess to repniseiit 
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some definite operation upon quantity. The, ah8(dide 
universality of the mterpretation of sywhols is the fun- 
damental principle of their use. This has been shown 
very, tably J^y Dr. P<iacock ih his Alyebra. He has 
there illustrated, in a variety of ways, this principle : 
that ‘If ^?eneral symbols express an identity when 
they are supposed to be of any spocifd nature, they 
must also exj)rcss an identity when tliey are.|jfcnoral in 
their nature.* And thii.s, this universality of symbols 
is a principle in addition t<i those wo have ali'oady 
noticed ; ami is a principle of the grciitefft juiportancc! 
in the formation of mathftjiiatieal sciences, according to 
the wide generality^ whicJi*such science has in modern 
tim<js assumed. * , 

3. Co7K7iPxion of Symbols and xf^talysis . — Since in 
(mr symbolical reasoning oiu* symbols thus I'oason for 
us, we doi not necessarily Inu’c, jis in geometrical rciai- 
soning, go on adding carefully one known truth to 
another, till we reach the desired result. On the con- 
trary, if we have a the(>rcm to prove or a piobh'm tf» 
solve wliich can be brought under the *lomain of our 
symbols, we may at onc^ state the give,i| but ur^proved 
truth, ortlie given combination of unknown tpiantities, 
ill its symbolical form. After this, first process, wo 
may then ]}roceed to trace, by means our symlnds, 
wliat other truth is involved in the one just stilted, or 
what the unknown symbols must signify; resolving 
step by step the symbolical a.ssi'rtion with wliich w(‘ 
began, into others more fitted for our purjiose. The 
former ])roccss is ji kind of synthesis, thii latter is 
termed analysis. And although symbolical reasoning 
does not necessarily imjily such analysis ; yet the con- 
nexion is so foiniliar, that tlie term (uialysis is fre- 
quently* used to dedgnate symbolical reasoning. 



CHAPTER XIII. 


The D0CTRINF4 OF Motion. 


r. Pure MePhanism . — The iloctrino of Motion, of 
which wc have liere to specie,' is that in which motion 
is coiisidore<i quite indepcndf^ntly of its cause, force ; for 
all consideration of force hcloiiji^s to a class of ideas 
entirely different ^rom those with which we ai'o here 
concerned. In this view it may Iv* termed the pure 
doctrine of motion, since it has to do solely with space 
and time, which are the suhjects oJl purc‘ mathematics. 
(Sec c. i. of this book.) Although the doctrine of 
motion in connexion with force, which i.s thc^ subject 
of mechanics, is by far the most important form in 
which the consideration of motion enters into the form- 
ation (if our sciences, the Pure Doctrine of Motion, 
which treats of space, time, and velocity, might be fol- 
low’ed out so as to give rise to a very considerable and 
curious body of science. Such a schmeo is the science 
of Mechanism, independent of force, and eonsidon?d iis 
the solution of a problem which may be thus cuun- 
• ciated : ‘ To coirnmunicate any given motion from a 
first inovei*'to a given body.’ The science which should 
have for its object to solve all the various cases into 
which this problem would ramify, might b(j tei*ined 
Pure Medmnum, in contnidistinctiou to Mechauics 
Proper^ or Machhwry^ in which Force is takeji into 
consideration. The greater part of the iiiiMJhines which 
“have been constructed for u.sc in manufactures have 
been practical solutions of soring of the cn^ics of this 
problem. We have also important contributions to such 
a science in the works of Mathematiciaiw ; for examjdc, 
the various inve.stigations and demonstrations which 
have been published respecting the fonn of the Teeth 
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of Wheels, and Mr. Babbage’s memoir* on the Lan- 
guage of Machinery. There are also several works 
wliich contain collections of the mechanical contriv- 
ances whidi have been invehted for the pui-pose of 
transmitting and modifying motion, and these works 
may be considered as treatises on the science of Pure 
Mechanism. But this science hjis hot yet been reduced 
to the systematic simplicity which is desir<ible, iJOr 
indce<l generally rec(»gnized a separate science. It 
has betm confounded, und(‘r the common name of Me- 
ehamcfi^ witli the other scieijces, MechflnTcs Pro])er, or 
Machinery, which considers the effect of^oree trans- 
mitted by Mechanism from one part of a matej’ial com- 
bination to anothei*. For example, the Mechanical 
PmverSj as they are usually termefl, (the Lever, the 
Wl)eel and -Axle, the Inclined Plano, *the Wedge, and 
the Scr^v,) have almost always been treated with 
reference to the lelatioii betwijen tlio Power and the 
^Ycight^ and not primarily as a mode of changing the 
velocity and kind of the motion. The science of piu’t) 
motion has not generally been se])arated from the 
science (»f motion viiiwe^l with reference; to its causes. 

Becently, iinleed, the necessity of such a separation 
has been seen by those who have ttifcen a philosophical 
view of science. Thus this necessity has been urged by 
M. Ampere, in his Ksmi snr la Philosophic des tSciences 
(183.^): ‘Long,’ he says, (p. 50,) ‘before 1 employed 
myself upon tlni present work, I had J*emarked that it 
is usual to omit, in the beginning of all books treating • 
of sciences which regard motion and foA’o, certain 
considerations whicli, duly developed, must constitute 
a special science : (»f which science certain parts have 
been treated of, either in memoirs or in K]>ecial works; 
such, for example, as that of Carnot u))on Motion con- 
sideretl Geoimetricjilly, and the essay of Lauz and Be- 
tancourt upon the Com|;»osition of Machines.’ He tlieir 
proceeds to describe this science nearly fis we haV(.* 


1 On a M 4 lwd of expressiriQ by Signs the action of Machinery, PhU, Trans. 
1826, p. 250. 
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done, and proposes to term it Kinematics {Cinhnoitiq'us)^ 
from KLvqixoj motion. 

2, Fiyi*mal Astronomy , — shall not attempt hero 
further to develop the form which such a s.^ience must 
assume. But I may notice one very large province 
which belongs to it. When men had ascertained the 
apparent motions of the sun, moon, and stars, to a 
nloderate< degree of regulai*ity and accuracy, they tried 
to conceive in their minds some mechanism by which 
these motioiis might bo produced; and thus they in 
fact proposed tS tlicmselvcs a vary extensive problem 
in Kinema(if*s, This, indeofl, was the view originally 
entertained of the nature of the science of astronomy. 
Thu» Plato in the seventh Book of his Republic^ ^ speal« 
of astronomy as the doctrine of the motion of solids, 
meaning thereby, spheres. And the same was a proper 
description of the science till the time of K(JJ>ler, and 
even later : for Kepler endeavoured in vain to conjoin 
with the knowledge of the motions of the hctivenly 
bodies, those t^’ue mechanical conceptions wliich con- 
verted formal into physical astronomy*. 

The astronomy of the ancients admitted none but 
uniform circular motions, and could therefore be com- 
])letely, cultivated? by the aid of their elementary geo- 
metry. But the pure science of motion might be ex- 
tended to all motioms, however vaned as to the speed 
or the path of the moving body. In this form it must 
depend upon the doctrine of limits; and the funda- 
mental principle of its rea^^onings would bo this : That 
velocity is measured by the limit of the space de- 
scribed, considered with reference to the time in which 
it is described. I shall not further pursue this subject; 
and in order to complete what I have to say respecting 
the Pure Sciences, I have only a few words to edd ro- 
.specting their bearing on Inductive Science in general 


• Hilt. luduM, Sc, IL tjx 



CHAPTER XIV. 


Of the Application op Mathematics to the 
• Inductive Sciences. * 


I. A LL objects in the Vorld which can be made the 
jl"\. subjects of our comtemplation are*subordinate . 
to the conditions of* Space, Time, and Number; and on 
this account, the doctrines of pure mathematics have 
most numerous and extensive applications in every de- 
partmenti of our investigations of nature. And there 
is a peculiarity in tlicsc Ideas, Vhich lias caused the 
mathematical sciences to be, in all cases, the first suc- 
cessful efforts of the awakening speculative powers of 
nations at the commencement of tlieir intellectual pro- 
gress. Conceptions chiriyed from these Jdeas are, from 
the very first, perfectly precise and clear, so as to be 
tit elements of scientific truths. This is not the case 
with the other conceptibns which form the subjects of 
scientific inquiries. The conception of statical foree^ 
for instance, was never presented in a distinct fonn till 
the works of Archimedes appeared : the conception of 
acederating force wivs confused, in the mind of Kepler • 
and his contemporaries, and only became clSar enough 
for purposes of sound scientific reasoning in the suc- 
ceeding century : the just conception of chemical carnr 
position of elements gradually, in modern times, emergeil 
from the erroneous and vague notions of the ancients. 
If wc^ke wprks published on such subjects before the 
epoch Avhen the foundations of the true science were^ 
laid, we find the knowledge not only small, but worth- 
less. ' The writers did not see«any evidence in what we 
^ now consider as the axioms of the science ; nor any in- 
consistency where we now see self-contradiction. But 
this was* never the case with speculations concerning 
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space and number. From their first rise, these were 
true as far as they went. The Geometry and Arith- 
metic of the Greeks and Indians, even in their first 
and most scanty form, Contained none but ^true propo- 
sitions. Men’s intuitions upon these subjects never al- 
lowed tlu^m to slide into error and confusion ; and the 
truths tc3 wliich they were led by the first efforts of 
their facilities, so employed, form part of the*" present 
stock of our mathoTuatical knowledge. 

2 . But we are here not so much concerned with 
mathematics hn* their jiure term, as with their applica- 
tion to the jdiciiomena and l^tws of nature. And here 
also the very earliest lustory of civilization presents to 
us some of tlie most remarkable examples of man’s suc- 
cess in his attempts to attain to science. Space and 
time, jMJsition and motion, govern all visible objects; 
but by far the most conspicuous examples of the rela- 
tions which arise out of such elements, are displayed 
by tlie ever-moving luminaries of the sky, whicli measure 
days, and months, and years, by theii’ motions, and 
man’s place on* the earth by their position. Hence tire 
sciences of spaqe and number wore from the fii’st culti- 
vated with peculiar reference to Astronomy. I have 
elsewhere* quoted Plato’s remark, — that it is absurd 
to calPthe science of the rclaiions of sj>jvce georn/etry, 
the measure of the earth, since its most iinportajit 
office is to be found in its aiiplioatiou to the heavens. 
And on other occasions also it a{)pears how strongly 
he, who ma^ he considered as the representative of the 
scientific Aiid speculative tendencies of his time and 
country, had been impressed 'ivith the conviction, that 
the formation of a science of the celestial motions must 
depend entirely upon the progress of mathematics. In 
the Epilogue to the Dialogue on the Lawa^^ he de- 
elares mathematical knowledge to be the gi*st and main 
requisite for the astronomer, and describes the portions 
of it which he holds necessary for astronomical specu- 
lators to cultivate. These seem to bh,. Plane Geometry, 
ISieoretical Arithmetic, the Application of Arithmetic 
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to planes ap4 to solids, and finally the doctrine of Har* 
monies. Indeed the bias of Plato appears to be rather 
to*con 8 ider mathematics as the essence of the science 
'of ^atronomy, than as its instrument; and he seems 
disposed, in this as in other things, to disparage obser- 
vation, and to aspire after a science founded upon de- 
monstration alone. < An astronomer,’ he says in tiie 
same place, ‘ must not be like Hesiod an<]^ persons of 
tliat land, whose astronomy consists in noting the set- 
tings and risings of the stars ; but he must be one who 
understands the revolutions of the cefestial spheres, 
each performing its projfer cycle.* 

A large portion of the mathematics oT the Gree^ 
so long as their Scientific activity continued, di- 
rected towards Astronomy. Besidrf many curious pro- 
positions of plane and solid Geometry, to which their 
astrono^iers were led, their Arithmetic, though very 
inconvenient in its fundamental assumptions (as being 
sexagesimal not decimal), was cultivated to a great 
eftent ; and the science of Trigonometry, in which pro- 
blems concerning the relations of spade were resolved 
by means of tables of numerical rt^ults previously 
obtained, was created. * Menclaus of Alexandria wrote 
six Books on Chords, proli^bly containing methods of 
calculating Tables of *these quantities; such* Tables 
were familiarly used by the later Greek astronomers. 
The same author also wrote three Books on Spherical 
Trigonometry, which are still extant. 

3 . the Greeks, however, in the first vigour of their • 
]iursuit of mathematical truth, at the time^af Plato and 
iyoon after, had by no mea^ confined themselves to 
those propositions which had a visible bearing on the 
phenomena of nature ; but had followed out many beau- 
tiful trains of research, concerning various kinds of 
figures, for the sake of their beauty alone ; as for in- 
stance in their doctrine of Conic Sections, of wfiioP* 
curves they had discovered all the principal propertiea 
But'it is curious^ to remark,^ lhat these investigations, 
thus pursued at first as mere matters of curiosity and 
intellectual gratification, wore destined, two thousand 
yesps later, to play a very important part in establiah- 
YOL. I. • M 
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ing that system of the celestial motions ivliich sue* 
ceeded the Platonic scheme of cycles and epicycle 
If the properties of the conic sections had not been 
demonstrated by the Gretks, and thus rendered fapii- 
liar to the mathematicians of succeeding ages, Kepler 
would probably not have been able to discover those 
laws respecting the orbits and motions of the planets 
which werQ,the occasion of the gi-eatest revolution that 
ever happened in the histoiy of science. 

4. The Ambians, who, as I liave elsewhere said, 
added little of ‘thrair own to the stores of science which 
they received from the Gre^s, did however make 
some very im!|>ortant contributions in those portions of 
pure iiciatheniatics which are subservient to astronomy. 
Their adoption of the Indian mode of computation by 
means of the Ten Digits, i, 2, 3, 4, 5, 6, 7, 8, 9, o, 
and by the method of Local Values, instead of the 
cumbrous sexagesimal arithmetic of the Greeks, was 
an improvement by which the convenience and facility 
of numerical calculations were immeasurably aug- 
mented. The Arabians also rendered several of the 
processes of trigonometry much more commodious, by 
using the Sine of an arc instead of the Cliord ; an im- 
provement which ^Albategnius appears to claim for 
himself^; and by employing als6 the Tangents of arcs, 
or, as they called them,^ upright shadows. 

5. The constant application of mathematical know- 
ledge to the researches of Astionomy, and the mutual 

•influence of each science on tlie progress of the other, 
has been "*^^1 more conspicuous in modern times. 
Newton’s Method of !^me and Dltiraatt) Itatios, 
which we have already notiped as the first correct ex- 
position of the doctrine of a Limit, is stated in a leries 
of Lemmas, or preparatory theorenw, prefixed to his 
TreaJtiss on System of the World. Botl^ the pA5per- 
*^ea of curve lines and the doctrines concerning force 
and motion, which he had to establish, required that 
the common mathematical processes should be metho- 
dized and extended. 1 £ Newton had not been a most 
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expert and inventive mathematician, as well as a pro* 
fouipd and philosophical thinker, he could never have 
made any one of those vast strides in discovery of 
wluQh the ^pid succession in liis work strikes us with 
wonder ^ And if we see that the great task begun by 
liim, goes on more slowly in 'the hands of his imme- 
diate successors, and lingers a little before its fulb 
completion, we perceive that this arises, im. a greSlt 
measure, from the defect of t^c mathematical methods 
then used. Newton's synthetteal modes oj investigar 
tion, as w'e have elsewhere pbseived, Vere an instru- 
ment®, powerful indeed ta his mighty htyid, but too 
ponderous for other persons to employ with effect. The 
countrymen of Newton clung to it the longest, out of 
veneration for their master; and English cultivators of 
physical astronomy were, on that verjr account, left 
behind tlio progress of mathematical science in France 
and Germany, by a wide inteiVal, which they have 
only recently recovered. On the Continent, the ad- 
vantages offered by a familiar use of s^^mbols, and by 
attention to their syramctiy and other relations, werc^ 
accepted without reserv^. In this manjicr the Differ- 
ent!^ Calculus of Leibnitz, which was in its origin 
and signification identical with the Method of Fluxions 
of Newton, soon surpassed its rival in the extent and 
geiiei’ality of its a})plication to problems. Tliis Calculus 
was applied to the science of mechanics, to which it, 
along with the symmetrical use of co-ordinates, gave a 
new form ; for it was soon seen that the inpst difficult 
problems might in gcmeral be reduced to hiMing inte- 
grals, which is the I’eciprocal process of that by which 
differ<mtials are found ; so that all difficulties of physi- 
cal asCTonomy were reduced to difficulties of symbolical 
calculation, these, indeed, being often sufficiently stub- 
born. \lJlaira14t, Euler, and D’Alembert employed tjie , 
increased resources of mathematical science upon the 
Theory of the Moon, and other questions relative to 
the system of the world; and thus began to pursue 
^such inquiries in the course in which mathematiciaiis 
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are still labouring up to the present day. This course 
was not without its checks and peiplexities. We l\ave 
elsewhere quoted^ Clairaut's expression when he had 
obtained the very complex diflerential equations which 
contain the solution of the problem of the moon's mo- 
tion: ‘Now integrate them who can!’ But in no 
veiy long time they were integrated, at least approxi- 
nftitely; and the methods of approximation have since 
then been improved ; so that now, with a due expendi- 
ture of labour, they ma^e carried to any extent which 
is thought d&ifable. If the methods of astronomical 
observation ^should hereafter ^*each a higher degree of 
exactness than they now prefess, so that irregidaritics 
in the motions of the sun, moon, and planets, shall be 
detected which at present escape us, the mathematical 
part of the tho6ry of universal gravitation is in such a 
condition that it can soon be brought into comparison 
with the newly-observed facts. Indeed at present the 
mathematical theory is in advance of such observa- 
tions. It con venture to suggest what may afterwards 
be detected, as well as to explain what has already 
been observed., This has happened recently; for Pro- 
fessor Airy has calculated the law and amount 6f an 
inequality depending upon the mutual attraction of 
the Eaiiih and Venus; of which inequality (so small is 
it,) it remains to be determined whether its effect can 
be traced in the series of astronomical observations. 

6. As the influence of mathematics upon the pro- 
gress of astronomy is thuis seen in the cases in which 
theory an^observation confirm each other, so this in- 
fluence appears in another way, in the very few cases 
in which the fiticts have not been fully reducecLto on 
agreement with theory. The most conspicuous Suse of 
this kind is the state of our knowledge of the Tides. 
T^ is a portion ^nf astronomy : for the NeWtonian 
theory asserts these ^ious phenomena to be the re- 
sult of the attraction of the sun and moon. Nor can 
there be any doubt that this is true, as a general state- 
isont; yet &e subject is up to the present fimo a blot ^ 
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on the perfection of the theory of universal gravitar 
tion ; for we arc veiy far from being able in th^ as in 
the other parts of astronomy^ ^to show that theory will 
exactly account for the time, and magnitude, and all 
other circumstances of the phenomenon at ev^ place 
on the earth’s surface. And what is the portion of our 
mathematics which is connected with this solitary sig- 
nal defect in astronomy? It is the mathematics of the 
Motion of Fluids; a portion^m which extremely little^ 
progress has been m^e, andRn whi^»aN the more 
general problems of the subject have hitherto remained 
entirely insoluble. The attempts pf the greatest ma- 
thematicians, Newton, Maclaurin, Bernoulli, Glairaut, 
Laplace, to master such questions,^ all involve *some 
gratuitous assumption, which is introduced because 
the problem cannot otherwise be mathematically dealt 
with : these assumptions confessedly render the result 
defective, and how defective, it is hard to say. And it 
was probably precisely the absence of a theory which 
could be reasonably expected to agree with the obser- 
vations, which made Observations of this very curious 
phenpmenon, the Tides, to be so miuJh neglected as 
till very recently they were. Of late years such obser- 
vations have been pursued, and their ^^ults have been 
re.solved into empirical laws, so that the rules of the 
phenomena have been ascertained, although tlie de- 
pendence of these rules upon the lunar and solar forces 
has not been shown. Hero then we have a portion of 
our knowledge relating to facts undoubtedlj^ependent 
upon universal gi^avitation, in which Observation has 
outstripped Theory in her progress, and is compelled 
to wa% till her usual companion overtake her. This 
is a position of which Mathematical Theory has usually 
been very impatient^ amd we ma;J^ expect that she will 
be no less so Ih the present jnst^cei. ^ 

7. It would be easy to show from the history of 
other* sciences, for example, Mechanics and Optics, 
how essential ilie cultivation bf pure mathematics 
•been to their progress. The parabola was alreaSy 
familiar among mathematicians when Qalileo discovered 
that it was the theoretical path of a Projectile; and the 
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extension wd generalization of the Laws of Motion 
cbuld never have been effected^ unless the Differential 
and Integral Calculus h^ been at hand, ready to trace 
the results of every hypothesis which could be mada 
D’Alembert’s mode of expressing the Third Law of 
Motion in its most general form®, if it did not prove 
the law, at least reduced the application of it to analy- 
tical pro6esses which could be performed in most of 
.those cases in which they were needed. In many in- 
stances the ^ mechanical science suggested 

the extension oTf the methods of pui*e analysis. The 
problem of I^ibratiyg Strings gave rise to the Calculus 
of PailJial Differences, which was .still further stimu- 
lated*by its applica/ion to the motions of fluids and other 
mechanical problems. And we have in the writings 
of Lagrange and Laplace oilier insUnccs enually re- 
markable of new analytical methods, to wliich me- 
chanical problems, and especially c<;>smical problems, 
have given occasion. \ 

8, The i)rogros3 of Optics as a science h^s, in like 
manner, been throughout dependent upon the progress 
of pure mathematics. The firct lise of Geotuetry was 
followetj by some advances, slight ones no doubt, in tlio 
doctrine of Keflefttion and in Per-spective, The law of 
Refraction w'as traced to its consequences by means of 
Trigonometry, which indeed was requisite to express 
the law in a simple form. The steps made in Optical 
is^ience by Descarteg, Newton, Euler, and Huygliens, 
required tjjc geometrical skill which those philosophers 
possessed. And if Young and Fresnel had not been, each 
in his peculiar way, persons of eminent mathematical 
endowments, they would not have been able to bi^g the 
Theory of Undulations and interferpneesf into a condi- 
tion in which it could be tested by experimentil We 
..may seo how unexj^tedly recondite parts of pure 
mathematics may bevupon physical science, by call- 
ing to mind a circumstance already noticed i»n the 
History of Science®; — ^tlAt Fresnel obtained one of the 
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most curious confirmations of tlie theory (the laws of 
Circular Polarization by reflection) through an inter- 
pretation of an algebraical e:^rGSsion, which, according 
to the original conventional meaning of the symbols, 
involved an impossible quantity. We have already 
remarked, that in virtue of the principle of the gene- 
rality ^f symbolical language, such an interpretation 
may often point out*sorne real and importaiA analog. 

9. From this rapid sketch it may be seen how 
important an office in promoting the ^rqgress of the 
physical sciences belongs to maiheniatics. Indeed in 
the progress of many sciences, every step has been so 
intimately connected with some advance in ihathema- 
tics, that w'c can hardly be surprised if some persons 
have considered maihcmaticfil reasoning to be the most 
essential part of such sciences; and*havc overlooked 
the otlifer elements which enter into their formation. 
How erroneous this view is we shall best see by turn- 
ing our attention to the other Ideas besides those of 
space, number, and motion, which enJ'Cr into &ome of 
the most conspicuous and sidmired portions of what is 
termed exact science > and by showing that the clear 
and distinct development of such Ideas is quite as neces- 
sary to the progress o^exact and real knowledge as an 
acquaintance with arithmetic and geometry. 
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Ilf id only because we subject trains of pbenomena, that is, 
all change whatcv.er, to the law of causality — to tlie relation of 
cause and effect — that experience or empirical knowledge becomes 
possible. 

Kant, Kr. d. 72. K. ii Th. i Abth. ii Buch. 2 llaupt. 

Quicquid premlt vel tralilt alterum, tautundem ab co premitur 
vel trahitur...Si coiqius aliquod in corpus aliud implngens inotum 
cjus vi suil quotuodocuiiquc mutaverit, idem quo(]ue vicissim 
motu pr6prio candeip mutatlonem in partem contrariam vi alte- 
rius (ob* a^qualitatem pressionis muluie) 8ubibit,..Obtinct ctiam 
lisec Lex in attractionibua. 


Kbwton, Princip. ad init. 
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CHAPTER I 

Of 'niE Mechanical {Sciences. 


• 

I N the Histoiy of the Sciences, that class of which 
wc here speak occupies a conspicuous and import- 
ant place ; coming into notice immedijitely aft>.r those 
parts of Astronomy which require for their cultivation 
merely the idetis of sj«ice, time, motkm, and number. 
It appears from our llistory, that certain truths con- 
cerning the equilibriti^n of bodies Were cstab\ished by 
Archimedes ; — ^that, after a long interval of inactivity, 
his principles were extended and pursued further in 
modem times : — and that to these doctrines concerning 
equilibrium and the foices which produce it, (which 
constitute the science Statics,) were added niany other" 
doctrines concerning the motions of bodieS, considered 
also as produced by forces, and thus the science of 
Dynamics was produce<l. The assemblage^of these 
sciences composes the province of Mechanics. More- 
over^ philasophers have laboured to make out the laws 
of the equilibrium of Jluid os well as solid bodies 
hence has arisen the science of Hydrostatics. And the 
doctrines of Mechanics liave been found to liave a 
most remarkable bearing upon the motions of the hea- 
venly bodies; with reference to wlii^ih, indeed, vjjKey 
were at lirst principally studied. The explanation 
of those cosmic^ facts by xneans of mechanic^ princi- 
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pies and iheir consequences, forms the science of Phy~ 
sioal Astroriom^. These are the principal examples' of 
mechanical science; although some other portions of 
Physics, as Magnetism and Electrodynamics; introduce 
mechanical doctrines veiy largely into their specula- 
tions. 

Now in all these sciences wc have to consider 
FSrces. in all mechanical reasonings forces enter, 
either os producing motion^ or as prevented from doing 
so by other f^^rces. Thus ^ force, in its most general 
sense, is the catiie of motion, oj* of tendency to motion ; 
and in order, to discover the principles on which the 
mechanical sciences ti-uly rel^t, we must examine the 
nature and origin of our knowledge of Causes. 

In these sciences, however, we have not to deal 
with Cause in its more general acceptation, in which it 
applies to all kinds of agency, material or immaCerial ; — 
to the indueneo of thought and will, as well as of 
bodily pressure and attractive force. Our business at 
present is only «:^ith such causes as immediately ope- 
rate upon matter. We shall nevertheless, in the first 
place, consider the nature of Cause in its most general 
form; and afterwards narrow our speculations so as 
to direct them specially to the mechanical sciences. 



CHAPTER IL 


Of the Idea op Cause. 


W E see in the world around usfi dbnstant suc- 
cession of causes hnd effects connected with 
each other. The laws of , this connexionVe leam in a 
great measure frofti experience, by observation of the 
occurrences wliich present themselves to our notice, 
succeeding one another. But in doing this, «and in 
attending to this succession of appeai'ances, of which 
we are aware by means of our senses, we supply from 
our own minds the Idea of Cause. This Idea, as we 
have already shown with respect to other Ideas, is not 
<lerived from experience, but has its origin in the mind 
itself; — ^is introduced into our experience by the active, 
and not by the passive'part of our nat&re. 

By Cause we mean some quality,, power, or efficacy, 
by whidi a state of tliftigs produces a succeeding state. 
Thus the motion of bodies from rest is produced by a 
cause which we call Force : and in the particular case 
in which bodies fall to the earth, this force is termed 
Gravity, In these cases, the Conceptions of Force and 
Gravity receive their meaning from the Ic#a of Cause 
which tliey involve: for Force is conceived as the 
Cause of Motion. That this Idea of Caus^ is not 
derived from experience, we prove (as in former cases) 
by this consideration: that wo can make assertions, 
involving thm idea, which are rigomisly necessary and 
universal ; wmereas knowledge derived from experi^ilUa 
can only bo true as far as experience goes, and can 
nevel contain in itself, any evidence whatever of its 
necessity. We assert that ‘Every event must have^ 
cause :* and this proposition we know to be true, not 
only probably, and generally, and as far as we can see : 
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but we cannot suppose it to be fidse in any single 
instance. We are as certain of it as of tbe truths^ of 
arithmetic or geometiy. Wc cannot doubt that it 
must apply to all events ^t and future, in pvery part 
of the universe, just as truly as to those occurrences 
which we have ourselves observed. Wkat causes^pro- 
duce what effects ; — wliat is the cause of any garticu- 
lap> event what will be the effect of any peculiar 
process; — these are points on which experience may 
enlighten us. Observation and experience may be 
requisite,*to' enable us to judge respecting such matters. 
But that eveiy event has cause, Experience can- 
not prove any more than she can disprove. She can 
add nothing to the evidence of the truth, however often 
she may exemplify it. This doctrine, then, cannot 
have benn acquired by her teaching ; and the Idea of 
Cause, which the doctrine involves, and on ;yhich it 
defends, cannot have come into our minds from the 
region of observation. 

2. That we do, in fact, apply the Idea of Cause in 
a more extensive manner than could be jtistificd, if it 
were derived from experience only, is easily shown. 
For from the principle that everything must have a 
cause, we not only, reason concerning the succession of 
the events which occur in the progress of the world, and 
which form the course of experience ; but we infer that 
the world itself must ‘have p- cause; — that the chain 
of events connected by common causation, must have 

^ a First Cause of a nature different from the events 
themselves. ' This we are entitled to do, if our Idea of 
Cause be independent of, and superior to, experience ; 
but if we have no Idea of Cause except such as we 
gather from experience, this reasoning is altogether 
baseless and unmeaning. 

3. Again; by the use of our powers of observation, 

^ vfe are aware of a succession of appearances and events. 

But none of our senses or powers of external obser- 
vation can detect in these appearances the power or 
qaaijity which wo call Cause. Cause is that which con- 
Beets one event with another ; but no sense or percep- 
tion discloses to us, or can disclose, any connexion 
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among the events which we observa We see that one 
occurrence follows another, but we can never see 
anydiing wliich shows that one occurrence mtiat fol- 
low anothej. Wc liave already noticed*, that this 
truth has been urged by metaphysicians in modem 
times, "and generally assented to by those who examine 
carefully the connexion of their own thoughts. The 
arguments arc, indeed, obvious enough. Qne ba!l 
strikes another and causes it to move forwards. But 
by what compulsion? Whereas the necessity? If the 
mind can see any circumstandb in this cas^wliich makes 
the result inevitable, let this* circumstance be pointed 
out. But, in fact, there is;no such discoveTable* neces- 
sity; for wc can coheeive this event not to take place 
at all. The struck ball may stand sfill, for aught wc 
can see. ‘ But the laws of motion will not allow* it to 
do so.’ ^Ooubtless they will not. But the laws of 
motion are learnt from exporiehcc, and therefore can 
prove no necessity. Why should not the laws of motion 
bo other than they are? Arc they necessarily true? 
That they are necessarily such as do actually regulate 
the impact of bodies, is at least no obvious thith; 
and therefore this necessity cannot be,’ in common 
minds, the ground of connecting the iippact of one ball 
witli the motion of another. And assuredly, if this 
fail, no other ground of such necessary connexion can 
be shown. In this case, then, the events are not seen 
to be necessarily connected. But if this case, where 
one ball moves another by impulse, be not an instance 
of events exhibiting a necessary connexion;* W'e shall 
look in vain for any example of such a connexion. 
There is, then, no case in which events can be ob- 
served to be necessarily connected : our idea of causa- 
tion, which implies that the event is necessarily con- 
nected ^ith tly3 cause, cannot be derived from obscr\^- 
tion. 

4. But it may be said, we have not any such Idea 
of Cahse, implying necessar}^ connexion with effect, 
•and a quality by which this connexion is pvoducq^.* 
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We see nothing but the succession of events; and by 
cause we mean nothing but a certain succession of 
events; — ^namely, a constant, unvarying succesnon^ 
Cause and effect are 6nly two events of which the 
second invariably follows the first We*^delude our- 
selves when we imagine that our idea of causation 
involves anything more. 

To this I reply by asking, what then is the' meaning 
of the maxim above quot(^, and allowed by all to bo 
universally and necessarily true, that every event must 
have a ca'iisCf o Let us pnt this maxim into the lan- 
guage of the explanation jus^ noticed; and it becomes 
this 8-* Ev6ry event must Jiave a certain other event 
invariably preceding it.' But why must it? Where is 
the necessity? Why must like events always be pre- 
C6ded>by like, •except so far as other events interfere? 
That there is such a necessity, no one can dqubt. All 
will allow that if a stone ascend because it is thrown 
upwards in one case, a stone which ascends in another 
case has also been thrown upwards, or has undergone 
some equi\'alelit operation. All will allow that in this 
sense, every kind of event must have some other spe- 
cific, kind of event preceding it. But this turn of 
men's thoughts ^ows that they see in events a con- 
nexion which is not mere succession. They see in 
cause and effect, not merely what does, often or always, 
precede and follow, but what must i)recede and follow. 
The events ore not only conjoined, they are connected. 
The cause is more than the prelude, the effect is more 
than the^^uel, of the fact. The cause is conceived 
not as a mere occasion; it is a power, an efficacy, 
which has a real opciation. 

5. Thus we have drawn from the maxim, that 
Every Effect must have a Cause, arguments to show 
that we have an Idea of Cause which is not borrowed 
ISom experience, and which involves more than mere 
succession. Similar arguments might be derived from 
any other maxims of ui^versal and necessary validity, 
wJUch obtain concerning Cause: as, for ex- 

ample, the maxims tliat Causes are measured by their 
Effe^ and that Reaction is equal and ofiposite to 
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Action. These maxims we shall soon have to ex* 
an^ne; but we may ol^rve here, that the necessary 
truth which belongs to them,^shows that they, and the 
Ideas whieh they involve, are not the mere fruits of 
observation; while their meaning, including, as it does, 
something quite different from thp mere conception of 
successjpn of events, pioves that such a conception is 
frr from containing the whole import and signiiicatibn 
of oui’ Idea of Cause. ^ 

The progress of the opinions of philc^oj^ers on the 
points discussed in this chapter, has Ibeen one of the 
most remarkable parts of the history of ]Nlotaphysi<5S in 
modem times : an^I shalh therefore briefly notice some 
of its features. * • 


VOL. L 



CHAPTER HI. 


Modern Opinions respecting the Idea of Cause. 


I. rriOWARfiS the end ,of the seventeenth century 

X there Qxisted in the minds of many of the most 
vigorous and active speculalrjrs of the European lite- 
rary world, a stroi\g tendency to ascribe the wliolo of 
our Knowledge to the tefiching of Experience. This 
tendency, with its consequences, including among them 
the reaction which was produced when the t»met had 
been pushed to a length manifestly absurd, has cxei- 
cised a very powerful influence upon the progress of 
metaphysical doctrines up to the present time. I pro- 
ceed to notice some of the most prominent of the 
opinions which, have thus obtained prevalence among 
philosophers, so far as the Idea of Cause is concerned. 

Locke was one ^of the metaphysicians who produced 
the greatest effect in diffusing this opinion, of the ex- 
clusive dependence of our knowledge upon experience. 
Agreeably to this general system, he taught’ that our 
ideas of Cause and Effect are got from observation of 
the tilings about us. Yet notwithstanding this tenet 
of his, he**fendeavoured still to employ these ideas in 
reasoning on subjects which are far beyond all limits 
of experience : for he professed to prove, from our idea 
of Causation, the existence of the Deity®. 

Hume noticed this obvious inconsistency; but de- 
qJiSjred liimself unable to discover any remedy*' for a 
defect so fatal to the most itnpoi*tant parts of our 
knowledge. He could see, in our beli^ of the suc- 
cession of cause and effect, nothing but the ha£it of 
SsBOciatiRg in our minds what had often been asso- 
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elated in our experience. He therefore maintained 
tliat we could not, with logical propriety, extend our 
•belief of such a succession tv cases entirely distinct 
from all tliDse of which our experience consisted. We 
see, he said, an actual conjunction of two events; but 
we can in no way detect a necessary connexion; and 
therefoie we have no means of inferring cause from 
effect, or effect from cause®. The only way Tin whicli 
we recognize Cause and Effect in the field of our ex- 
perience, is as an unfailing J^equence : Wk in vain 

for anything wliich can j^sure us of an infallible Con- 
sequence. And since experience is the only source of 
our knowledge, we^cannolf with any justice assert that 
the world in which we live must necessarily havfi had 
a cause. . . 

2. This doctrine, taken in conjunction with the 
known skepticism of its author on r(;ligious points, 
produced a considerable fermentation in the specula- 
tive world. The solution of the difficulty tlius thrown 
before philosophers, was by no means obvious. It was 
vain to endeavour to find in experience any otlier 
propeHy of a Cause, tlmn a constant sequence of the 
effect. Yet it was equally vain to try to persuade men 
that they had no idea o{ Cause ; or e^en to shake their 
belief in the cogency of the familiar ai’guments con- 
cerning the necessity of an original cause of all that is 
and happens. Accoj’dingly these hostile and appa- 
rently irreconcilable doctrines, — the indispensable ne- 
cessity of a cause of eveiy event, and the 
of our knowing such a necessity, — ^were at 
to encamj) side by side. Reid, Beattie, and others, 
formed one party, wdio showed how widely and con- 
stantly the idea of a cause pervades all the processes of 
the human mind : while another sect, including Brown, 
and apparently Stewart, maintained that this idea- b 
always capable of being resolved into a constant se- 
quence; and these latter reasoners tried to obviate the 
^dangerous and sliocking inferAices which some persons^ 
•might try to draw from their opinion, by dccl&ing i!he 

» Hume’s PhU. of the Human Mindt voL 1 . p. 94. 
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maxim tliat “ Every event must have a cause,” to be 
an instinctive law of belief, or a fundamental princ^le 
of the human mind*. < 

3. While this series of discussions was going on in 

Britain, a great metaphysical genius in Gennany was 
unravelling the perplexity in another way. Kant’s 
speculations originated, as he informs us, in the trams 
of thougRt to wliich Hume’s writings gave rise; and 
the Kritik der Heinen ]iernunjl^ or Examination of 
the Pure was piibli|ihed in 1787, with the view 

of showing the true nature oi^our knowledge. 

Kant’s .sotition of the difficulties just mentioned 
differs hiaterially from that •above stated. According 
to Brown", succesiiiion observed and cause infcn*ed, — 
the memory of past conjunctions of events and the 
belief of similar future conjunctions, — ^are facts, inde- 
pendent, so far as we can discover, but iifjeparably 
cojmbined by a law of our mental nature. According 
to Kant, causality is an inseparable condition of our 
experience : a /connexion in events is requisite to our 
apprehending theih as events. Future occurrences 
mu.st be conneotcd by causatiov as the past have been, 
because we cannot think of past, present, and future, 
without such colinexion. Wp cannot fix the mind 
upon occurrences, without including these occurrences 
in a series of causes and effects. The relation ol* Causa- 
tion is a condition under which we think of events, 
as the relations of space are a condition under which 
we see objects. 

4. On % subject so ab.struse, it is not easy to make 
our distinctions very clear. Some of Brown’s illustra- 
tions appear to approach very near to the doctrine of 
Kant. Thus he says®, ‘The /wv/i of bodies ^is the 
relation of their elements to each otiicr in space, — ^the 

of bodies is their relation to each ether in time.’ 
Yet notwithstanding, such approximations in expres- 
sion, the Kantian doctrine appears to be different finm 


♦ Stewart's Actioe Powertf voL L p. 347. Browne’s LedurestVoL L p. 115. 
*^Uctwr€ 8 , voL i p. 114. • Xettwna, voL L p. 127. 
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the views of Stewart and Brown, as oommonly under- 
stood. According to the Scotch philosophers, the 
cause and the effect are two ibhings, connected ih our 
minds by si law of our nature. But this view recpiires 
us to suppose that wo can conceive the law to be ab- 
sent, and the course of events to be unconnected. If 
we can , understand what is the special force of this 
law, we must ba able to imagine what the <Jtise would 
be if the law w’ere non-exi sting. We must bo able to 
conceive a mind which dops upt connect effects with 
causes. Tlie Kantian cjoctrine, on llie other hand, 
teaches that we cannot imagine events liJbei'ated from 
the connexion of c^use and clfect : this connexion is a 
condition of our conceiving any re^il occuiTcnceA : we 
cannot think of a real sequence of things, except as in- 
V(»lviQg the ojieration of causes. In the Scotch system, 
the past and the future ai'e in their natui*e independent, 
but bound together by a rule ; in the Gennan system, 
they share in a common nature and mutual relation, 
by tlic act of thought which makes lihem past and 
future. In the former doctiine cause is a tie wdiich 
binds ; in tlio latter it^is a diameter ^svhich pervades 
and shapes events. The Scotdi metaphysicians only 
assert the nniversalUy^ of the relation; the German 
attempts further to explain its necessity. 

This being the state of the case, such illustrations 
as that of Dr. Brown quoted above, in which he repre- 
sents cause as a relation of the same kind witli forni^ 
do not appeal* exactly to fit liis opinions. Can the re- 
lations of figure be properly sjiid to be competed with 
eadi other by a law of our nature, or a tendency of our 
mental constitution! Can we ascribe it to a law of oiu* 
thoughts, tliat we believe the three angles of a triangle 
to be equal to two right angles? If so, we must give 
the saine reason for our belief that two straight lines 
cannot inclose a space ; or that ijiroe and two are five. 
But yill any one refer us to an ultimate law of our 
constitution for the belief that three and two are five? 

, Do we not see that they are so, as plainly as we «ee 
tliat they, are three and two? Can we imagine laws of 
our constitution abolished, so that three and tu^o shall 
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make something different from Eve; — so that an in- 
closed space sh^ lie between two straight lines j-^-so 
that *the three angles rof a plane triangle shall be 
greater than two right angles? We cannet conceive 
this. If the numbers are three and two ; if the lines 
a/re straight; if the triangle is a rectilinear triangle, 
the consequences are inevitable. We cannot even 
iihagine the contrary. We do not want a law to direct 
that things should bo vrfiat they are. The relation, 
then, of ci^ise and eff^t, , being of the same kind as 
the necassary rfelations of fi^ire and number, is not 
properly spoken of as established in our minds by a 
special law of our constitution : for jve reject that loose 
and inappropriate^, phraseology which speaks of the 
relations of figure and number as ‘ determined by laws 
of belief.’ 

5. In the present work, we accept and Y^lopt, as 
the basis of our inquiry concerning our knowledge, the 
existence of necessary truths concerning causes, as 
there exist n^essary truths concerning figure and 
number. We find such truths universally established 
and assented to among the cultivators of science, and 
among speculative men in general. All mechanicians 
agree that reaction is equ^ ^d opposite to action, 
both when one body presses another, and when one 
body communicates motion to another. All reasoners 
join in the assertion, not only that every observed 
change of motion has had a cause, but that every 
change of motion must have a cause. Here we have 
certain pditions of substantial and undoubted know- 
ledga Now the easential point in the view which we 
must take of the idea of cause is this, — that our view 
must be such as to form a solid basis for our^now- 
ledge. We have, in the Mechanical Scieiice.s, certain 
universal and necessary truths on the suliject of causes. 
Now any view whicl^ refers our belief in causation to 
mere experience or habit, cannot explain the jiossi- 
bility of such necessary •truths, since exjierience and 
liabit coft never lead to a perception of necessary con- 
nexion. But a view which teaches us to acknowledge 
axioms concerning cause, as we acknowledge axioms 
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concerning space, will lead ns to look upon the science 
oi^ mechanics as equally certain and universal with the 
science of geometry; and wjLll thus materially affect 
our judgment concerning the nature and clainJrof our 
scientific knowledge. 

Axioms concerning Cause, or concerning Force, 
which as wo shall see, is a modification of Cause, will 
flow from an Idea of Came, just as axioms concerning 
space and number flow frq^i the ideas of space and 
number or time. And thui^ the propositions which 
constitute the science of Mechanics jA^ove that we i)os- 
sess an idea of cause, in the same sensq in which the 
projKisitioiis of geometiy «iid arithmetic prove* our pos- 
session of the ideas of space and of^time or number. 

6. The idea of cause, like the ideas of space and 
time, is a part of tlie active jiowei's of the minS. Tho 
relation»of cause and effect is a relation or condition 
under whicli events are apprehended, wliich relation is 
not given by observation, but supplied by the mind 
itself According to the views which^ explain our ap- 
prehensicm of cause by reference to habit, or to a sup- 
posed law of our mental nature, cau^l Connexion is 
a ctmsequence of agencies which the mind passively 
obeys ; but according to the view te which we are led, 
this connexion is a result of faculties which the mind 
actively exercises. And thus the relation of cause and 
effect is a condition of our appi'ehending successive 
events, a part of the mind’s constant and universal ac- 
tivity, a source of necessary truths ; or, to sum all this 
in one plu-asc, a Fundamental Idea. ♦ 



CHAPTER IV. 


Of the Axioms which belate to the Idea of 
ft Cause. 


'I. Causes are abstract ConhptioTis, — We have now 
to express, as Veil as we cai^ the fundamental charac- 
ter of .that Idea of Cause of which 'vfe liave just proved 
the existence. This may be done, at least for purposes 
of reasoning, in 'this as in former instances, by means 
of axioms. I shall state the principal axiori^ whicli 
belong to this subject, refeiTing the reader to lus own 
thoughts for the axiomatic evidence which belongs to 
them. 

But I must first obseiwe, tliat in order to exprea<* 
geneiul and abstract truths concerning cause and effect, 
these tenns, cause and effect, must be understood in a 
general and abstract manner. When one event gives rise 
to another, the fii'st event is, in common language, often 
called the cause, and the second the effect. Thus the 
meeting of two billiard-balls may be said to l)e the 
cause of one of them tuining aside out of the iwitli in 
which it was moving. For our present purposes, how- 
ever, we m\f,st not apply the term cause to such occur- 
rences as tliis meeting and turning, but to a cci'tain 
conception, force, abstracted from all such spocml events, 
and considered as a quality or property by which one 
body afiects the motion of tlie other. And in like man- 
ner in other cases, cause is to be couceiyed as 'some 
abstract quality, power, or efficacy, by which change is 
produced ; a quality not identical with the events, but 
disclosed by means of thcip. Kot only is this absWact 
mode of conceiving force and cause useful in expressing 
the *tandamental principles of science ; but it supplies 
us with the only mode by which such principle can be 
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stated in a general manner, and niad6 to lead to sub- 
stantial truth and real knowledge. 

Understanding cause, therefore, in this sense, we 
proceed to our Axioms. * 

2. First Axiom. Nothing can take place without a 
Cause. 

Every event, of whatever kind, must have a cause in 
the sense of the term which we have just indicffted ; and 
that it must, is a universal ancj necessary proposition to 
which we irresistibly assent as soon as it is understood. 
We believe each appearance, to come ifi 5 ) existence, — 
we conceive every change take place, — i\ot only with 
something prececlin^ it, but something by wliici it is 
made to be what it is. An effec*t '\yithout a cause; — 
an event without a preceding condition involving the 
efficacy by which the event is produced*; — are supposi- 
tions whiah we cannot for a moment admit. That the 
connexion of effect with cause is ,univcrsal and neces- 
saiy, is a universal and constant conviction of man- 
kind. It persists in the minds of ail men, undisturbed 
by all the assaults of sophistiy and skepticism; and, as 
we have seen in the la^ chapter, remains 'unshaken, 
even when its foundations seem to bo ruine<l. This 
axiom expresses, to a certain extent, owr Idea of Cause ; 
and w^hoii that idea is clearly a})prehended, the axiom 
reqiiiixis no proof, and indeed admits of none which 
makes it more evident. That notwithstanding its sim- 
])licity, it is of use in our speculations, we shall liere- 
iffter see; but in the first place, wc must consider the 
other axioms belonging to tins subject. e 

3. Second Axiom. Effects are profyortumal to their 
Causes, and Causes are rmasured by tJisir Effects. 

We have already said that cause is that quality or 
power, in the circumstances of each case, by wffiich the 
effect ift produ^eed ; and this power, an abstract propeity 
of the condition of things to which it belongs, can in 
no wa-y fall directly under the cognizance of the senses. 
Cause, of whatever kind, is«not apprehended as in- 
• eluding objects and events which share its nature Jby* 
being co-extensive.with certain jwrtious of it, as space 
and time ^ are. It cannot therefore, like them, be 
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measured by repetition of its o\m parts, as space is 
measured by repetition of inches, and time by repetition 
of minutes. Causes mj^y be greater or less ; as, for in- 
stance, the force of a man is greater than the force of 
a child But how much is the one greater than the 
other?' How are wo to compare the abstract concep- 
tion, force, in such cases as these? 

« To thti, the obvious and only answer is, that we must 
compare causes by means^of their effects ; — ^that we must 
compare force by something which force can do. The 
child can lift Vine higot/ the man can lift ten such 
fagots: we Jiave here a means of comparison. And 
whether or not the rule is to be applied in this manner, 
thateis, by the member of things operated on, (a ques- 
tion which we shall have to consider hereafter,) it is 
clear fhat this form of rule, namely, a reference to some 
effect or other as our measure, is the right, because the 
only ^possible form. The cause determines the effect. 
The cause being the same, the effect must be the same. 
The connexion of the two is governed by a fixed and 
inviolable rule. It admits of no ambiguity. Every 
degree of hiteqsity in the caus^ has some peculiar modi- 
fication of the effect corresponding to it. Hence the 
effect is ah unfailing index of the amount of the cause ; 
and if it be a measurable effect, gives a measure of the 
cause. We can have no other measure; but we need 
no other, for tliis is exact, sufficient and complete. 

It may be said, that various effects are produced by 
the same cause. The sun’s heat melts wax and expands 
quicksilver. The force of gravity causes bodies to move 
downwards if they are free, and to press down upon 
their supports if they are supported. Which of the 
effects is to be taken as the measure of heat, or of 
gravity, in these cases? To this we reply, that if wo 
ha^ merely different states of the sameg cause to com- 
pare, any of the effects might be taken. The sun’s 
heat oa different days might be measured by l^e ex- 
pansion of quicksilver, <or by the quantity o*f wax 
^m^ted. * The force of gravity, if it were different at' 
different places, might be measured by the spaces 
through which a given weight would bend an elastic 
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support, or by the spaces through which a body 
wo^d fell in a given time. All these measures are 
consistent with the general 4iharacter of our idea of 
cause. « 

4. Limitoition of the Second Axiom . — But there may 
be circumstances in the nature of the case which may 
further determine the kind of effect which we must 
ta^e for the measure of the cause. For e^Jample, ^ 
causes are conceived to be of such a nature as to be 
capable of addition, the effects taken as thpr measure 
must conform to this condition. Thisf is the case with 
mechanical causes. Tlie weights of two the 

causes of the pressure whicli they exert downwards; 
and these weights are capible of adc^ition. The v/eight 
of the two is the sum of the weight of each. We arc 
therefore not at liberty to say that w'eighfe shall be 
measuredp by the spaces through which they bend a 
certain elastic support, except ye have lirst /ascer- 
tained that the whole weight bends it through a space 
equal to the sum of the inflections produced by the 
separate weights. Without this precaution, we might 
obtain inconsistent r^^ults. Two wi^ights, each of 
the magnitude 3 as measured by their etfects, might, 
if we took the inflections of a spnmg for the effects, 
be together equal to 5 or to 7 by the same kind of 
measurement. For the inflection produced by tw'o 
weights of 3 might, for aught we can seo beforehand, 
be more or leas than twice as great as the inflection 
produced by one weight of 3. That forces are capable 
of addition, is a condition which limits, j>nd, as we 
shall sec, in some c^es rigorously fixes, the kind of 
effects which arc to be taken as their measures. 

Causes which are thus capable of addition are to bo 
measured by the repeated addition of equal quantities. 
Two Such csAises are eqtud to each other when t}iey 
produce exactly the same effect So far our axiom is 
appli^ directly. But these two causes can be added 
togetner; aqd being thus added, they are dmible of one 
[ of them ; and the cause composed by addition of t^rei 
such, is three times as great as the first ; and so on for 
any measure whatever. By this means, and by this 
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means only, we have a complete and consistent mea^ 
sure of those causes which are so conceived as t^ be 
subject to this condition«of being added and multiplied. 

Causes are, in the present chapter, to be»understood 
in the widest sense of the term ; and the axiom now 
under oui' consideration applies to them, whenever 
they are of such a nature as to admit of any measure 
at all. But the cases which we have more particularly 
in view are mechanical caj^ses, the causes of the motion 
and of the ^equilibrium of ladies. In these cases, forces 
are conceived s& capable, of ^addition; and what has 
been said of, the measure of causes in such cases, ap- 
plies peculiarly to mechank;al forces. Two wtdghts, 
placed together, m/iy be considered as a single weight, 
equal to the mrn of the two. Two pressures, pusliing 
a body in the ^me direction at the same point, are 
identical in all respects with some single pressure, their 
sum, pushing in like manner; and this is true whether 
or not they put the body in motion. In the cases of 
mechanical forces, therefore, we take some certain 
effect, velocity generated or weight supported, which 
may fix the umt of force; and wo then measure all 
other forces by the successife repetition of tliis unit, 
as we measure alb spaces by th^ successive repetition of 
our unit of lineiil measure. 

But these steps in the formation of the science of 
Mechanics will be further explained, when we come to 
follow our axioms conceiving cause into their apj)li- 
cation in that science. Afc present we have, perhaps, 
sufficiently explained the axiom that causes are mea- 
sured by their effects, and we now proceed to a third 
axiom, also of great importance. 

5. Third Axiom. Reaction is equal and opposite 
to Action, 

Xn the case of mechanical forces, tho actioh of a 
cause often takes place by an operation of one l»ody 
upoii another; and in this case, the action is ^Jways 
and inevitably accompanied by an opposite action. If 
% press » stone with my hand, the stone presses my 
hand in return. If one ball stiike another syoid put it 
in moj^ion, the second ball diminishes the motion of 
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the first. In these cases the operation is mutual ; the 
Action is accompanied by a Reaction. And in all 
suc'k cases the Reaction is a fprce of exactly the same 
nature as the Action^ exerted in an opposite direcition. 
A pressure exerted upon a body at rest is resisted and 
balanced by another pressure; when the pressure of 
one body puts another in motion, the body, though it 
yields to the force, nevertheless exei'ts upon ^he press- 
ing body a force like that which it suffers. 

Now the axiom asseits further, that tli\s Reaction 
is eqiialy as well as opposit*e^ to the Action, For the 
Reaction is an effect of tTie Action, and ys determined 
by it. And since the two. Action and Reaction, are 
forces of the same nature, each may be considered as 
cause and as effect; and they mus^ therefore, deter- 
mine each other by a common rule. ' But this con- 
sideratioa leads necessarily to their equality : for since 
the rule is mutual, if we could fpr an instant suppose 
the Reaction to be less than the Action, wo must, by 
the same i*ule, suppose the Action to be less than the 
Reaction. And thiLS Action and Reaction, in every 
such case, are rigorously; equal to each qthef. 

It is easily seen that tHs axiom is not a propasition 
which is, or can be, proved by experience; but that its 
tnitli is anterior to special observjition, and depends 
on our conception of Action and Reaction. like our 
other axioms, this Las its source in an Idea; namely, 
the Idea of Cause, under that particular condition in 
which cause and effect are mutual. The necessary and 
universal trutli which we cannot help ascriling to the 
axiom, shows that it is not derived from the stores of 
experience, which can never contain truths of this 
character. Accordingly, it was asserted with equal 
confidence and generality by those who did not refer 
to ex])erienc<iv for their principles, smd by those vho 
did. Leonicus Tomeeus, a commentator of wAristotle, 
whose work was publialied in 1552, and therefore at a 
period when no right opinions concerning mechanical 
* reaction were current, at least in his school^ says^ in'* 
his remarks on the Author’s Questions concerning the 
communication of motion, that Reaction is equal and 
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contrary to Action.* The same principle waa taken 
for granted by all parties, in all the controversies <jon- 
ceming the proper measare of force, of which we shall 
have to speak : and would be rigorously true, as a law 
of motion, wliichever of the rival interpretations of 
the measure of the term ‘ Action’ we were to take. 

6. MxterU of the Third Axionu — It may naturally 
be asked*® whether this third Axiom respecting causa- 
tion extends to any othei:^ cases than those of mechani- 
cal action,, since the notion of Cause in general has 
certainly a mu<5ii wider extent. For instance, when 
a hot body l\eats a cold one, is there necessarily an 
equal ibaction of the second tbody upon the first? Does 
the snowball cool^he boy’s hand exactly as much as 
the hand heats the snow? To this we reply, that, 
in every case in which one body acts upon another by 
its physical qualities, there must be somef»i*eaction. 
No body can affect another without being itself also 
affected. But in any physical change the action ex- 
erted is an a\)stract term which may be variously 
understood. The hot hand may melt a cool bo<ly, or 
may warrn'^ii : pvhich kind of effect is to be taken as 
action? This remains to beftetermined by other con- 
siderations. . 

In all cases of physical change produced by one body 
in another, it is generally possible to assume such a 
meaning of action, that the reaction shall be of tlie 
same nature as the siction; and when this is done, the 
third axiom of causation, that reaction is equal to 
action, is Universally true. Thus if a hot body heat a 
cold one, the change may be conceived as the transfer 
of a certain substance, /lecd or caloric, from the first 
body to the second. On this supposition, the first 
body loses just as much heat as the other gains; action 
and. reaction are equal. But if the rendition be of a 
different kind to the action we can no longer apply the 
axiom. If a hot body melt a cold one, the latter cools 
the former : here, then, is reaction j but so long as the 
Action and reaction are stated in tUs form, we cannot 
assert any equality between them. 

In treating of Ihe secondary meohanied sciences, we 
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Hhall see fm-ther in what way we may conceive the 
phy^cal action of one body upon another, so that the 
same axioms which are the basis of the science of 
Mechanics shall apply to changes not at first sight 
manifestly mechanical. 

The three axioms of causation wliich we have now 
stated are the fundamental maxims ^of all reasonifg 
concerning causes as to their quantities; and ii^will be* 
shown in the sequel that these axioms form the basis 
of the science of Mechanics, ^Aetenninin^its^ form, ex- 
tent, and certainty. We mu^t, howevftr, in the first 
place, consider how we acquire those conceptions xijx)n 
which the axioms now established Jire to bo employed. 

[2d Ed.] [The Aixiom that Reaction, is equal •and 
opposite to Action^ may appear to be at variance witli 
a maxim concerning Cause which is commonly current; 
namely, tlmt the ‘ Cause precedt>s Effect, and Effect fol- 
lows Cause.’ For it may be said, if Ay the Action, and 
Ry the Kcaction, can be considered as mutually the cause 
of each other, A must precede R, and yet must follow 
it, which is imixossible. But to this I rejdy, that in 
those cases of direct Cassation to whiqh the maxim 
applies, the Cause and Effect are not successive, but 
simultaneous. If I press against some obstacle, the 
obstacle resists aild returns the pressure at the instant 
it is exerted, not after any inteival of time, however 
.small. The common maxim, that the effect follows the 
cause, has arisen fi’om the practice of considering, as 
examples of cause and effect, not instantaneous forces 
or causes, and the instantaneous changes which they 
produce ; but taking, instead of this latter, the cumu- 
lative effects produced in the course of time, and com- 
pared with like results occurring without the action of 
the cause. Thus, if we alter the length of a clock-pen- 
dulum, ^his change produces, as its effect, a subsequent 
change of rate in the clock ; because the rate is mea- 
.sured by the accumulated effects of the pendulum’s 
gravity, before and after the change. But tlie pondu- 
Jum produces its mechanical effect upon the^escajje- 
ment, at the moment of its contact, and each wheel 
u{)on the next, at the moment of its contact. has 
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been said in a ^Review of this work, ^ The time lost in 
cases of inject physical causation is consumed ii| the 
movements which takei place among the parts of the 
mechanism in action, by which the actiwe forces so 
transformed into momentum are transported over in- 
tervals ^of space to new points of action, the motion of 
ndhter in such cases being I'cgarded as a mere carrier 
•f force.* {Quarterhi Rev. No. cxxxv. p. 2 1 2.) 

This subject I have fiirthcr treated in the Memoirs 
of the Canibridge Philosophical Society ^ vol. vii. part iii.'] 
[In this audition I .add this discussion.] 

DUctfssion of ike Question: — Are Cav^ and JSJfect successive 
» f or simultaneous f 

I at varinuB times laid before tliia Society dissertations 
on the metaphysical grounds and elements of our knowledge, and 
especially on the foundations of the science of mechanics. As these 
speculations have not failed to excite some attention, both here 
and elsewhere, I am tempted to bring forward in the same manner 
some additional disquisitions of the same kind. Indeed, the im- 
mediate occ^ion of the present memoir is of itself an evidence 
that such subjeefs arc not supposed to be without their interest 
for the general reader ; for T am led to the views and reasonings 
which I am now about to lay beforef the Society, by some remarks 
in one of our most popular Reviews, (Tiie Quarterly Review, 
Article on the History and Philosophy of the InducSive Sciences, 
June 1841). A writer of ^singular acuteness and comprehensive- 
ness of view has there made remarks upon the doctrines which 
1 had deljjrercd in the Phiiosophy of the Inductive Sciences, 
which remarks appear to me in the highest degree instructive 
and philosophical. I am not, however, going here to discuss 
fully the doctrines contained in this critique. With respect to its 
general tendency, I will only observe, that the author does not 
accept, in the form in which I had given it, t^e accouat of the 
origin aiitd ground of necessary and universal truths. I had 
stated that our knowledge is derived from Sensations and Ideas ; 
and that Ideas, which are thp conditions of perception, ‘sudi as 
r space, tin^, likeness, cause, make universal and necessary know- 
ledge possible ; whereas, if knowlklge were derived from Sensa-' 
tion alone, it could not have those characters. I have moreover 
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eDumerated a long series of Fundamental Ideas as the bases of a ' 
corresponding series of sciences, of which sciences I have shown 
alsof by an historical survey, that they claim to possess universal 
truths, and have their claims allowed. 1 have gone further: for 
1 have stated the Axioms which flow from these Fundamental 
Ideas, and which are the logical grounds of necessity and'univer- 
sality in the truths of each science, when the science is '^resented 
in the form of a demonstrated system. |^e BevieweaE does not 
assent to this doctrine, nor to the argument by which it is sup- 
ported ; namely^ that Expeiicnce dwnot lead to universal truths, 
except by means of a universal fdea suppUeii dy tHe mind, and 
infused into the particular Ificts which observation ministers. 
He considers that the existence ^of universal trutiis in our know- 
ledge may be explain ed'\)thcrwise. He holds that it is a suffici- 
ent account of the matter to say that we pass from special expe- 
rience to universal truth in virtue of ^ the indufctive propensity — 
the irresisiU^le impulse of the mind to generalize ad tnjinifum.* 

I shall not here dwell upon very strong reasons which may ho 
assigned, as I conceive, for not accepting this as a full and satis- 
factory explanation of the difficulty. Instead of doing so, I 
shall here content myself with remarking, that even if wc adopt 
the Keviewer’s expressions, we must still contend that there are 
different fonns of the impulse of ike mind to generalize , correspond- 
ing to each of the Fundamental Ideas of Aur system. These 
Fundamental Ideas, if they* be nothing else, must at least bo 
accepted as a classification of the modes of action of the Induc- 
tive Propensity, — as so many different paths and tendencies of 
the Generalizing Impulse: and the Axioms which I have stated 
as the express results of the Fundamental Ideas, and as the steps 
by which those Ideas make universal truths possible, oaro still no 
less worthy of notice, if they are stated as the results of our 
Generalizing Impulse ; and as the steps by which that Impulse, 
in its many various forms, makes universal truths possible. The 
Generalizing Impulse in that operation by which it leads us to 
the Axidms of Geometry, and to those of Mechanics, takes very 
different courses ; and these courses may w'cll deserve to be sepa- 
rately studied. And perhaps, even if we accept this view of 
the phifosophy of our knowledge, x» simpler or clearer way can 
^ found of describing and distinguishing these fundamentjdly 
different operations of the Inductive Propensity, than by saying, 
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that in the one case it proceeds according to the Idea of Space, 
in another according to the Idea of Mechanical Cause ; and the 
like phraseology may be employed for all the other cases. ■ 

This then l^ing understood, my present object is to consider 
some very remarkable, and, as appears to me, novll views of the 
Idea of Cause which the Reviewer propounds. And these may 
be best brought under our discussion by considering them as an 
attempt t<^ solve the qi:^tion. Whether, according to our funda- 
mental apprehensions m the relation of Cause and Effect, effect 
follows cause in the order of thne, or is simultaneous with it. 

At first si^ht, -lips question may seem to be completely decided 
by our fundamental conviction’s respecting cause and effect, and 
by the i^^ioms ivhich have been propounded by almost all writers, 
and have obtained universal currency among reasoners on this 
subject. That the csbuse must precede the effect, — that the effect 
must follow the CTiUse, — are, it might seem, self-evident truths, 
assumed and assented to by all persons in all reasonings in which 
those notions occur. Such a doctrine is commonly asserted in 
general terms, and seems to he verified in all the applications 
of the idea of cause. A heavy body produces motion by its 
weight ; the moti\)n produced is subsequent in time to the pres- 
sure which (the weight exerts. In a machine, bodies push or 
strike each other, *and so produce a ^rios of motions; each motion, 
in this case, is the result of the motions and configurations which 
have preceded it. The whole series of such motions employs 
time ; and this time is filled up and measured by the series of 
causes and effects, the effects being, in their turn, causes of other 
effects. This is the common mode of apprehending the universal 
course of events, in which t>ie chain of causation, and the pro- 
gress of tinje, are contemphted as each the necessary condition 
and accompaniment of the other. 

But this, the Critic remarks, is not true in direct causation. *If 
the antecedence and consequence in question be understood as the 
interposition of an interval of time, however small, between the 
action of the cause and the production of the effect, we cegard it 
OB inadmissible. In the production of motion by force, for in- 
stance, though the effect be cumulative with continued exertion 
of the cause, yet each elementary or individual action i's, to our 
'apprehension, instanter accompanied with its corresponding incre^ 
meht of momentum in the body moved. In all dynamical reo- 
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Bonings no one has eyer thought of interposing an instant of time 
between the action and its resulting momentum; mpr does it 
appear necessary.* This is so evident, that it appears strange it 
should have the idr of novelty ; yet, so far as I am aware, the 
matter has never before been put in the same point of view. But 
this being the case, the question occurs, how it is that time seems 
to be employed in the progress from cause to effect! How is it 
that the opinion of the effect being subsequent to the cause has 
generally obtained? And to this the Critic's answer is obvious:— 
it is so in cases of indirect or of eumulaiive effect. If Sf. bi|ll A 
strikes another, B, and puts it iii motion, anl B stnkes|C, and 
puts it in motion, A’s impact may be considered^ as the cause, 
though not the direct cause, of motion. Now timo,*mamely 
the time of B*b motion^ after it is struck by A, and before it 
strikes O, intervenes between A’s impact and the beginning of 
C*a motion : that is, between the cause and its effect. Tn this 
sense, the efj^ct is subsequent to the cause. Again, if a body be 
put in motion by a series of impulses acting at finite intervals of 
time, all in the same direction, the motion at the end of all these 
intervals is the effect of all the impulses, and exists alter they 
have all acted. It is the accumulated effect, and subsequent to 
each separate action of the cause. But in this case, 4hch impulse 
produces its effect instantaneously, and the time is employed, not 
in the transition from any cause to its effect, but in the intervals 
between the action of the several causes, during which intervals 
the body goes on with the velocity already communicated to it. 
In each impulse, force produces motion : and the motion goes on 
till a new change takes place, by the same kind of action. The 
force may be amd, in the language employed by the Critic, to be 
transformed into momentum; and in the successiv^^ impulses, 
successive portions of force are thus transformed; while in the 
intervening intervals, the force thus transformed into momentum 
is carried by the body from one place to another, where a new 
change awaits it. * The^catuie is absorbed and transformed into 
effect, and therein Measured up.' Hence, as the Writer says, * The 
time lost in cases of indirect physicah causation is that consumed 
in the movements which take place among the parts of the 
mechanism set in action, by whicb> the active forces so trans* 
formed into mechanism are transported over intervab 'oO space Jto 
new points of action, the motion of matter in such cases being 

0 ?^ 



196 PHILOSOPHY OP THE MECHANICAL SCIENCES. 

( 

regarded as a mere carrier of force’: — and when force is directly 
oounteraSed by force, their mutual destruction must be con- 
ceived, as the Reviewer says, to be instantaneous. We can 
therefore hardly resist his conclusion, that men have been misled 
in assuming sequence as a feature in the rdation of cause and 
effect ; and we may readily assent to his suggestion, that sequence, 
when observed, is to be held as a sure indication of indirect 
action, a«:;ompauied with a movement of parts. 

But yet if wo turn for a moment to other kinds of causation, 
we seem to be compelled at dvery step to recognize the truth of 
the usual maxini’upon this subject, that effects are subsequent to 
causes. Is no^t poison, taken at sf certain moment, the cause of 
disorder and death which follow, at a Buhaequent period? Is not a 
manVi early prudence often the cause fif his prosperity in latei* 
life, and his folly, though for a moment it may produce gratifica- 
tion, j/inally the* cause of his ruin ? And even in the case of 
mechanism, if, in a clock which goes rightly, we alj^er the length 
of the pendulum, is not this alteration the cause of an alteration 
which afterwards takes place in the rate of the clock’s going? 
Are not all these, and innumerable other cases, instances in which 
the usual notion of the effect following the cause is verified? and 
are they nftt irrpconcileable with the new doctrine of cause and 
effect being simultaneous? 

In order to disentangle this apparent confusion, let us first con- 
sider the case last mentioned, of a dock, in which some alteration 
is made which affects the rate of going. 

So long as the parts of the clock remain unaltered, its rate will 
remain unaltered ; and any part which id considered as capable of 
alteration, may be considered as, if wo please, the cause of the 
unaltered fate, by being itself pnaltered. But we do not usuaUy 
introduce the positive idea of cause, to correspond with this nega- 
tion of change. If we speak of the rate as unaltered, we may 
also say that it is so because there is w> cause of alteration. The 
steady rate is^the indication of the absence of any cause of 
alteration ; and the rate of going measures tb^ progress of time, 
in a state of things in which causes of cliange are thus excluded. 
If an alteration takes place in any part of the dock, once for 
aU, the rate is altered ; but/ihe new rate is steady as the old rate 
was, andf^, like it, measures the uniform progress of time. Bifc 
the difference between the new rate and the old is occasioned by 
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the difference of the parts of the clock ; and the now^rato may 
veiy* properly be said to be caused by the change of the parts, 
and to be subsequent to it<: for it does prevail after the change, 
and does not prevail before. 

But how is this view to be reconciled with the one just quoted 
from the Reviewer, and, as it appeared, satisfactorily proved 
by him; according to whidi all mechanical effects 2g:e simul- 
taneous with their causes, and not subsequent to them? We 
have here the two views in close ^iontact. and in seeming oppo- 
sition. 

In the going of a clock, tile parts are in motion ; and these 
motions are determined by forpea arising from the form and 
connexion of the parts ^of the mechanism. Each of the forces 
thus exerted at any instant produces* its effect at the same 
instant; and thus, so far as the term cauib refers ib such 
instantaneoqp forces, the cause and the effect are simultaneous. 
But if such instantaneous forces act at successive intervals of 
time, the motion during each interval is unaltered, and by its 
uniform progress measures the progress of time. And thus the 
motion of the machine consists of a series of^intervals, during 
each of which the motion is uniform, and measures the time; 
separated from each other Vjy a series of changes, at each of 
which the change measures the instantaneous^force, and is simul- 
taneous with it. And if, in this case, we suppose, at any point 
of time, the instantaneous forces to cease, the succession of them 
being terminated, from that point of tiine tho motion would be 
uniform. And since the rate of the motion in each interval 
of time is determined by the instantaneous force which last 
acted and by the preceding motion, the rate of th«> motion in 
each interval of time is determined by all the preceding instan- 
taneous forces. Hence, when the series of instantaneous forces 
stops, the rate at which the motion goes on permanently, from 
that point of time, is determined by the antecedent series of 
such forties, whi^ series may be considered as an aggregate 
cause ; and hence it appears, that the permanent effect is deter- 
mined by the ebg^gaU cause; and in this' sense the effect is 
subsequent to the cause. « 

* Thus we obtain, in this case, a solution of the difficulty whjeh 
18 placed before us. The instantaneous effect or change is simul- 
taneous with the instantaneous force or cause by which it iff 
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produced^ But if we consider a series of such instantaneous 
forces as a single aggregate cause, and the final conditioh as 
a permanent effect of this cause, the effect is subsequent to 
the cause. In this case, the cause is immediately succeeded 
by the effect. The cause acts in time: the effect goes on in 
time. The times occupied by the cause and by the effect succeed 
each oth^ the one ending at point of time at which the 
other begins. But the time which the cause occupies is really 
composed of a series of insto^ts of uniform motion interposed 
between inslanti[n«oua forces ;*and during the time that this 
series of causes is going on/ to Aiake up the aggregate cause, 
a series of effects is going on to ipake up the final effect. There 
is a progressive cause and a progressive effect which go on 
together, and occupy the same finite time ; and this simultaneous 
progresfiion is composed of all the simultaneous instantaneous 
steps of cause and effect. The aggr^ate cause i^the sum of 
the progression of causes; the final effect is the last term of 
the progression of effects. ' At each step, as the Reviewer says, 
cause is transformed into effect; and it is treasured up in the 
results during the intermediate intervals; and the time occupied 
is not the tifiie which intervenes between cause and effect at each 
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step, bqt the time which intervenes between these transforma- 
tions. • 

1 have supposed forces to act at distinct instants, and to cease 
to act in the intervals between; and then, the aj^gregate of such 
intervals to make up a finite time, during wliich an aggregate 
force acts. Bui if the action of the force be rigorously con- 
tinuous, it will easily be sevn that all the consequonces as to 
cause and <^ec,t will be the same; the diseontinuous action being 
merely thOu usual artifice by which, in mathematical reasonings, 
we obtain results respecting continuous changes. It will still be 
true, that the uniform motion which takes place after a continu- 
ous force }ias4icted, is the effect subsequent to the cause; while 
the change which takes place at any instant by, the acticKi of the 
force, ie the instantaneous effect simultaneous with the cause. 

it may be objected, that this solution does not appear im- 
mediately to apply: for the*> motion of a clock is not uniform 
* doiiing any portion of the time. The parts movh by intervals of 
varied motion and of rest; or by oscillations backwards and 
forwards; and the succession of forces which acts during any 
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oscillation, or any cycle of motion, is repeated during the sue* 
ceeding oscillation or cycle, and so on indefinitely; and if an 
alteration be made in the parts, it is not a^change oiwe for all, 
but recurs in its operation in every cycle of the motion. 

But it will be found that this circumstance does not prevent 
the same explanation from being still applicable with a slight 
modification. Instead of uniform motion in the intervals of 
causation, we shall have to speak of steady going: and instead 
of considering all the forces whiefi affect the motion as causes 
of change of uniform motion, shall have ^FspedEk of changes 
in the parts of the mechanllm ^ causes of change of rate of 
going. With this modification, it will still be* true, that any 
instantaneous cause jft'oduces its instantaneous effect ,simul- 
taneously, while the permanent effect i& subsequent to the 
change which is its cause. The steady^ going of the ^lock is 
assumed aa^a normal condition, in whicli it measures the progress 
of time ; and in this assumption, the notion of cause and effect 
is not brought into view. But a steady rate thus denoting the 
mean passage of time, a change in the rate indicates a cause 
of change. The change of rate, as an instaiftaneous transition 
from one rate to another, hi simultaneous' with the change in 
the parts. But then the dlanged erate as a continued condition 
in which, no new change supervening, the^rate again measures 
the progress of time, is siffMtefjuent to the change of parts, for 
it begins when that ends, and continues when the progress of 
that has ceased.' 

If, however, this be a satisfimtory solution of the (Jifnpulty in 
the case of mechanism, bow shall wo apply the same views to the 
other cases? Growth,^ the effect of food, is jsubsequi^t to the' act 
of taking food; disorder, the effect of poison, is subsequent to the 
introduction of poison into the sys^m. Can we say that the 
animal would continue unchanged if it were not to. take food ; 
and that food is the cause of a change, namely, j^f. growth? 
This ismianifest^ false; for if the animal were not to take food, 
it would soon perish. BuV the analogy of the* former case, of the 
clock, will enable us to avoid this perplexity. As we assumed a 
steady rate of going in the clock tp be the measure of time when 
* we considered'^the effect of mechanism, so we assume a st^/ 
rate of action in the animal functions to be the measure of the 
progress of time when we consider the causes which act upon the 
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development and health of antmide. Digestion, and of course 
nutrition, are a past of this normal condition ; they are involved 
in the stefidy going «f the an\inal mechanism, and we must sup- 
pose these functions to go regularly on, in order that the animal 
may preserve its character of animal. Food and digestion may 
be considered as causes of the continued existence of the animal, 
in the sang way in*which the form of the parts of a clock is the 
cause of the steady going of a clock. And when we come to con- 
sider causes of change, this kind of causation, which produces 
a normal comlitiot« pf things, n».'rely measuring the flow of time, 
is loft out of our account. Wc ban tonceivo an uniform condition 
of anim^ existbnee, the animal neither growing nor wasting. 
This ^ing taken as the normal 'condition, any deviation from 
this condition indicated* a> cause, and is taken as the evidence and 
measurecof the caiijse of change. And thus, in a growing animal, 
the food partly keeps the animal in continued animal existence, 
and partly, and in addition to this, causes its growth. Food, 
in the former view, is always circulating in the system, and 
is supposed to be uniformly administered ; the cycles of nutrition 
being merged in the notion of uniform existence, as the oscilla- 
tions of the (pendulum in a clock are mei^ed in the notion of 
uniform going ; add the elementary steps of nutrition which are, 
in this view, supposed to take place at each instant, produce their 
instantaneous effect, for they arc requisite in the cycle of animal 
processes whicih goes on from instant to instant. But on the 
other hand, in considering growth, we compare the state of 
an animal with a preceding state, and consider the nutriment 
taken in the intervening time as the cause of the change : hence 
this nutriment, as an aggregate, is considered as the cause 
of growth of the animal; and in this view the effect is sub- 
sequent to the cause. But yet here, as in the case of mechanism, 
the progressive effect is simultaneous) step by step, with the 
progressive cause. There is a series of operations; as for in- 
stance,' idtussusception, digestion, assimilation, growth: •sach of 
these is’ a progre&ive operation; and in the progress of ea<di 
operation, the steps of the effect and the metantaneous forces 
are simultaneous. But the en/i of one operation is the be^nning 
«jf the nex^ or at least in part, and hence we have time occupied 
by tbe succession. The end of intussusception is the beginning 
of digestion, tbo end of digestion the beginning of assimilation, 
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and BO on. These aggregate efifects succeed each other; and 
hence growth is subsequent to the taking of food ; though each 
instantaneous force of animal life/ no less than of mechanism, 
produces an effect simultaneous with its action. Each of these 
separate operations is an aggregate operation, and occupies time ; 
and each aggregate effect is a condition of the action of the cause 
in the next operation. 

Again ; if an animal in a permanent condition, neiiner waxing 
nor wasting, may bo taken as theeionnal state in which the func* 
lions of life measure time, in order that we ipuy consider growth 
as an effect, to be referred i& food as cause ; we may, for other 
purposes, consider, as the normal condition, ad animql waxing 
and then wasting, accesrding to the usual law of animal life : and 
we must take this, the healthy prognesd of an animal, as our 
normal condition, if we have to consider causes which produce 
disease. we have to refer the morbid condition of an animal 
to the influence of poison, for example, we must consider bow 
far the condition deviates from whaif it would have been if the 
poison had not been taken into the frame. The usual progress 
of the animal functions including its growtih, is the measure 
of time; the deviation from this usual progress is ^he indication 
of cause; and the effect of *{he poi%on is subsequent to the cause, 
because the poison acts tbroughjthe cycle of the animal functions 
just mentioned, which occupies time ; and because the taking the 
poison into tho system, not any subsequent action of the animal 
forces in the system, is considered as the event wiRch we must 
contemplate as a cause. To resumo the analogy of the clock; 
the rate of the clock is 'altered by altering the parts; but this 
alteration itself may ocqupy time ; as if we alter, the rate of 
a clock by applying a drop of acid, which gradually eats off 
a part of the ])endulum, the corrosion, as an aggregate effect, 
occupies time; and the rates before and after the change are 
separated l)y this time. But the application of the drop is the 
cause;# and thu^ in this case tho final effect is subsequeiif to the 
cause, though here, as in the case of mechanism, tlie instan- 
taneous forces always produce a simultaneous effect. 

Thi& we have in every case a uniform state, or a state which 
is considered as unifonn, or It least normal; and wlych Is taken 
as the indication and measure of time; and we have also change, 
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which is contemplated ae a deviation from uniformity, and ie 
taken as the indication and measure of eauae. The uniform state 
may be one which never exists, being purely imaginary ; as the 
case in which no forces act; and the case in which animal 
functions go on permanently, the animal neither growing nor 
wasting. The normal state may also be a state in which change 
is constancy taking place, as, in fact, even a state of motion is 
a state of change ; such states also are, in a further sense, that 
of a clock going by starts, and that of an animal constantly 
growing; in fheset^'c^^es the chaSiges are all merged in a wider 
view of uniformity, so that thede M taken as the normal states. 
And in {ill thesib cases, successive changes which take place are 
separated by intervals of time, measured by the normal progress ; 
and each change is prdlueed by some atmultaneoua instantaneous 
cause. Hut taking the cause in a larger sense, we group these 
instantaneous causes, and perhaps omit in our coi^templatlon 
some of the intervening intervals; and thus assign the cause to 
a preceding, and the effect to a mcceeding time. 

I may observe further, as a corollary from what has been 
said, that the mdtsure of time is different, when we consider 
different kin^ of causation; and in each case, is hmogeneoua 
with the changes Vbich causation elSfects. In the consideration 
of mechanical causes, we mea8ur|time by mechanical changes ; — 
by uniform motion, or uniform succe^on of cycles of motion ; by 
the rotation of a wheel, or the oscillation of a pendulum. But 
if we haveifto consider physiological changes, the progress of 
time is physiologically measured; — by the normal progress of 
vital operations; by the circulation, digestion or development 
of the orgai^od body ; by the pulse, or by the growth. These 
different measures of time give to time, so far as it is exhibited 
by facts and events, a different character in the different casee. 
Phenomenal time has a different nature and essence according to 
the kind of the changes which we consider, and which gives us 
our sole phenomenal indication of cause. ^ « 

I fear that I am travelling into matters too abstruse and 
metaphytioal for the oocasion: but before 1 conclude, I will 
present one other aspect of th^ sublet. ** 

u In statiivg the difficulty, 1 refers to cases of moral as well 
as p^lysical causation; as when prudence produces prosperity; or 
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Dvhen folly produces min. It may be asked, wbetber we are 
here to apply (he same explanation ; — ^whether we are to assume 
a normal condition of human existence, in which neither pru- 
dence nor folly are displayed, neither prosperity nor adversity 
produced; — whether we are to conceive the progress of such 
a state to measure the progress of time, and deviations fh>m 
it to denote causes of the kind mentioned. It be asked 
further, whether, if we do make this supposition, we can resolve 
the influence of such causes 'prudence or imprudence into 
instantaneous acts, which produce th^r effects immediately : and 
which occupy time only by*being separated by intervals of the 
inactive normal moral condition. To this I must here reply, that 
the discussion of such questions would carry me too and 
would involve speculations not included Within the acknowledged 
domain of this Society, from which I therefore abstain. But 
I may sa^, before quitting the subject, that 1 do not think 
the suppositions above suggested are untenable; and that in 
order to include moral causation under the maxims of causation 
in general, wo must necessarily make some such hypothesis. 
The peculiarity of that kind of causation ^hich the will and 
the character exert, and which is exerted upon« tho will and 
the character, would msike this* case far moro complex and 
difficult than those already considered; bpt, at the same tune, 
would offer us the means oT explaining what may seem harsh, in 
the above analogy. For instance, we should have to assume 
such a maxim as this: that in moral causation, time is' not 
to be measured by the flow of mechanical or physiological events ; 
— not by the clock, or by the pulse. Moral causation has its 
own clock, its own pulse, in the progress of man’s moral being ; 
and by this measure of time is the relation of moral cause and 
effect to be defined. 

That in estimating moral causation, the progress of time 
is necessarily estimated by moral changes, and not by machinery, 
— ^by (he progipss of events, and not by the ^iug of the clock, 
— is a truth familiar as a practical maxim to all who give their 
thoughts to dramatic or narrative fiotions. Who feels any thing 
incongruous or extravagantly h\;;Tried in the progress of events 
in that great exhibition moral causation, the tragedy 
Othello T If we were asked what time those vast and teVrible 
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and complex changes of the being and feelings of the characters 
occupy, wo should say, that, measured on its own scale, the event 
is of great extent ; — that the transaction is of considerable magni- 
tude in all ways. But if, with previous critics, we look into the 
progress of time by the day and the hour — ^what is the measure 
of this history? Forty-eight hours. 



CHAPTEE V. 


Of the OiuaiN of our Conceptions of Borce and 
Matter. 


I. Force. — ^Whfj^ the faculties of obsei-vatipn and 
thought are developed in man, thd idea of caiisation is 
applied to those changes which we see and feel in tlie 
state of^rest and motion of bodies around us. And 
when our abstract conceptioris aj:c thus fonned and 
named, we adopt the term Fwccy and use it to denote 
that jjropcrty which is the cause of motion produced, 
changed, or prevented. Tliis conception is, it would 
seem, mainly and primarily suggested by o^r conscious- 
ness of the exertioif^ by jvhich wfe put bodies in 
motion. The Latin and Greek words for jPorce, Fw, 
FI 9 , were probably, like all abstract tern\s, derived at 
first from some seiusible object. The original meaning 
of the Greek word was a mmde or tendmi. Its first 
application as an abstract term is accordingly to mus- 
cular force : 

aCr* AHas iro\d /ue/^a Xaa»^ delpSk 
5#c* Mpeice FlN* dviXtSpop, 

Then Ajax a far heavier stone upbeaved, 

He 'whirled it, and impressing Force intense 
• Upon the mass, dismist it. 

The property by which bodies affect each other’s 
motions, was naturally likened to that energy wliich 
we exert upon them with similar effect : and thus the 
labouring horse, the rushing torrent, the •descending 
weight,, the elastic bow, were said to exert force. 
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Horner^ speaks of the ^brce of the river, FI5 irora/xoio; 
and Hesiod* of the forct of the north wind, FU avifiov 
popiao. 

Thus man’s general iliotion of force was probably 
first suggested % his muscular exertions, that is, by 
an act depending upon that muscular sense, to which, 
as we have already seen, the perception of space is 
mainly due. And this being the case, it will be easily 
understood that the Direction of the force thus exerted 
is perceived by the musctdar sense, at the same time 
that the foiice itself is perceived; and that the di> 
rection of any other force k iirderstood by comparison 
with force which man must exert to produce the same 
effect, in the skme manner aS forcer, itself is so under- 
stood. 

This abstract notion of Force long remained in a 
very vague and obscure condition, as may be seen by 
referring to the History for the failures of attempts at 
a science of force and motion, made by the ancients 
and their commentators in the middle agea By de- 
grees, in modem times, we see the scientific faculty 
revive. The conception of Force becomes so far dis- 
tinct and precise that it can be reasoned upon in a 
consistent manner, with demonstrated consequences; 
and a genuine science of Mechanics comes into exist- 
ence. The foundations of this science are to be found 
in the Axioms concerning causation which we have 
already stated; these axioms being interpreted and 
fixed in their application by a constant reference to 
observed facts, as we shall show. But we must, in the 
first place, V;onsider further those primary ])rocesses of 
observation by which we acquire the first materials of 
thought on such subjects. 

2. Mattor . — ^The conception of Force, as we have 
said, arises with our consciousness of our own muscular 
exertions. But we cannot imagine su^h exertions 
without also imagining some bodily substance against 
which they are exercised. If we press, we press some- 
thing : if we thrust or thrdw, there must be something 
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to resist the tlinist or to receive the impulse. Without 
body, muscular force cannot be exert^ and force in 
geijeral is not conceivable. 

* Thus Force cannot exist without JBody on which it 
acts. The two conceptions, Force and Matter, are co- 
existent and correlative Force implies resistance; 
and the force is effective only when the resistance is 
called into play. If we grasp a stone, we have no hold 
of it till the closing of the hand is resisted bjAhe solid 
texture of the stone. If ^ push open a gate, we 
must surmount the oppos^iion which^t ^erts while 
turning on its hinges. JBLowever sli^t the resistance 
be, there must be some resistance, or there would be 
no force. If we im|i.gine a state of things in which ob- 
jects do not resist our touch, th^yimust also ceAse to 
be influenced by our strength. Such a state of things 
we sometimes imagine in our dreams; and such are 
the poetical pictures of the regions inhabited by disem- 
bodied spirits. In these, the flgures which appear are 
conspicuous to the eye, but impalpable like shadow or 
smoke ; and as they do not resist the corporeal impres- 
sions, so neither do they obey them. The spectator 
tries in vain to strike Q¥ to grasp them# * 

Et ni docta comes tenues sine corpore vitas 
Admoneat volitare cavA sub imagine formse, 

Irruat ac fnistra ferro diverberet umbras. 

The Sibyl warns him that there round him fly 
Bodiless things, but substance to the eye ; 

Else had he pierced those shapes with life-like face. 

And smitten, fierce, the unresisting space. 

Neque illuia 

Frensantem nequicquaiu umbras et multa volentem 
Dicere, preterea vidit. 

He grosi^ her form, and clutches but the shade. 

Such ^y be the circumstances of the imreal world of 
dreams, or of poetical fancies approaching to dreams : 
• for in these worlds our imaginary perceptions^ are* 
bound by, no rigid conditions of force and reaction. In 
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such cases, the mind casts off the empire of the idea of 
cause, as it exists off even the still more &.miliar sway 
of the ideas of space and time. But the character of 
the material world in ^hich we live when, awake is, 
that we have at every instant and at every place, force 
operating on matter and matter resisting &rce. 

3. SoHdUy , — From our consciousness of muscular 
exei’tion, we derive, as we have seen, the conception of 
force, aiid with that also the conception of matter. 
We have already shown, 'in a former chapter, that the 
same part lof ojcr frame, tke muscular system, is the 
organ by wliich we perceive ^extension and the rela- 
tions of spacer Thus the same organ gives us the per- 
ception' of body as resisting force^ and as occupying 
space'; and by combming these conditions we have the 
conception of aglid extended bodies. In reality, this 
resistance is inevitably presented to our notice in the 
very facts from which we collect the notion ^f exten- 
sion. For the action of the hand and arm by which 
we follow the forms of objects, implies that we apply 
our fingers to their surface; and we are stoppeil there 
by the resistance wliich the body offers. This resist- 
ance is precisely that which ia requisite in order to 
make us conscious of cur muscular effort®. Neither 
touch, nor any other mere passive sensation, could pro- 
duce the perception of extent, as we have already 
ui’ged: nor could the muscular sense lead to such a 
perception, except the extension of the muscles were felt 
to be resisted. And thus the perception of resistance 
enters the mind along with the perception of extended 
bodies. All the objects with which we have to do are 
not only extended but solid. 

This sense of the term aolidity^ (the general property 
of all matter,) is different to that in which we oppo'se 
solidity fluidity. We may avoid ambiguity by op- 
posing rigid to fluid bodies. By solid ‘bodies, as we 
now speak of them, we mean only such as resist the 
• pressure which we exert, so long as their parts con- 
tinue in their places. By*'fiuid ladies, we mean those 
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whose parts ore, by a slight pressure, removed out of their 
places. A drop of water ceases to prevent the contact 
of our two hands, not by ceasiifg to have solidity in this 
* sense, but by being thrust out of the way. If it could 
remain in its place, it could not cease to exercise its 
resistance to our pressure, except by ceasing to be 
matter altogether. 

The perception of solidity, like the percSjption of 
extension, implies an act of «the mind, as well as an 
impression of the senses : a^the percepl^on qf extension 
implies the idea of spac(^ sa the i)erc8ption of solidity 
implies the idea of action and reaction. aTliat an Idea 
is iiivolvetl in oui* knowlodge on this subject, appears, 
as in other instances, from this ccpi^deration, th^ the 
convictions of persons, even of those who alio\'^ of no 
gi^ound of knowledge but expeiience, do in fact go far 
beyond tlie possible limits of experience. Thus Locke 
says*, that ‘the bodies which we daily handle hinder 
by an imurniowntMe force the aj)pi’oach of the parts 
of our hands that press them.’ Now it manifest that 
our observation can never go to this length. By our 
senses we can only that bodies* resist the 

greatest actual forces that we* exert upon tliem. But 
our conception of force^ carries us further: and since, 
so long as the body is there to receive the action of the 
force, it must suffer the whole of tliat action, and must 
react as much as it suffers : it is therefore true, tliat so 
long as the body remains there, the force which is ex- 
erted upon it can never surmount the resistance whicli 
the body exercises. And thus this doctrine, that bodies 
resist the intrusion of other bodies by an insurmount- 
able force, is, in fact, a consequence of the axiom that 
the reaction is always bqual to the action. 

4. Inertia , — But this principle of the equality of 
actioned reaetion appears also in another way. Not 
only when we exert force u|x>n bodies at rest, but 
when, Jby our exertions, wo put tliem in motion, they 
react If we set a large stone in motion, the stone ^ 
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resists; for the operation requires an efToiii. By in- 
creasing the effort, we can increase the effect, that is, 
the motion produced ; btlt the resistance still remains. 
And the greater the stone moved, the gi*eater is the • 
effort requisite to move it. There is, in every case, a 
resistance to motion, which shows itself, not in pre- 
venting the motion, but in a reciprocal force, exei-ted 
backwards upon the agent by which the motion is pro- 
duced. And this rcaiatiin^ce resides in each portion of 
matter, for, it ^ increaseeb as we add one portion of 
matter to another. We can push a light boat rapidly 
through tlie ».7ater; but we may go on increasing its 
freight, till we Jire barely able to s^ir it. This property 
of miitter, then, l)y which it resists tlie reception of 
motion^ or rather by which it reacts and requires an 
adequate force in order tliat any motion may result, is 
called its inertness, or imrtia. That matter has such a 
property, jis a conviction flowing from that idea of 
a reaction e^iual and opposite to the action, which the 
conception of %\\ force involves. By what laws this 
inertia depends on the magnitude, form, and material 
of the body, nvusf be the subj<.*ct of our consideration 
hereafter. But that matter has this inertia, in virtue 
of wliich, as the matter is grcjiter, the velocity which 
tlie same effort can communicate to it is lcs.s, is a prin- 
ciple inseparable from the notiem of matter itself. 

Hermann says that Kepler first introduced this 
‘ most significant’ imrtia. Whether it is to be found 
in earlier writers I know not; Kepler certainly dues 
use it faif^iliai'ly in those attempts to assign physical 
reasons for tlie motions of the jilanets which were 
among the main occa.sious of the discovery of the true 
laws of mechanics. Ho assumed the slowne.ss of the 
motions of the planets to increase, (other causes re- 
maining tlie same,) as the inertia iucreaseu ; and tliongh, 
even in this assumption, there is an errour involved, 
(if we adopt that interpretation of the term inextia to 
which subsequent researches led,) the introduction of 
such a wdtd was one step in determining and express- , 
ing those laws of motion which depend on the funda- 
mental principle of the equality of action and reaction. 
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5. We have thus seen, I ti*ust in a satisfactory 
m viner, the origin of our conceptions of Force, Matter, 
Solidity, and Inertness. It* lias appeared that the 
organ by which we obtain such conceptions is that 
very muscular frame, which is the main instrument 
of our perceptions of space; but that, besides bodily 
sensations, these ideal* conceptions, like all ^0 others 
which we have hitherto considered, involve also an 
habitual activity of the mii^d, giving to oiu* sensations 
a meaning which they c<iuld not otherwise possess. 
And among the ideas thus brought into play, is an 
idea of action with an equal and oppesite inaction, 
which forma a foryidatio*i for universal truths to be 
hereafter established respecting .tlie conceptions thus 
obtained. , • 

We must now endeavour to trace in what manner 
these fui!damcntal principles and conceptions are un- 
folded by means of observation Und reasoning, till they 
become an extensive yet indisjmtable science. 



CHAPTER VI. 


Of the Establishment op the Principles op 
• Statics. 


I. Ol^ect of the Cliapter^ — In the present and the 
succeeding chapters we havet^to show how the general 
axioms of Causation enable us to construct the science 
of Mec|;ianics. We have to consider these axioms as 
moulding themselves, in the first place, into certain 
fundamental mechanical principles, which are of evi- 
dent and necessary tmth in virtue of their dependence 
upon the general axioms of Causation; and thus as 
forming a founfjation for the whole structure of the 
science ; — a system of truths no less necessary than the 
fundamontcil prwiciples, because^ derived from these by 
rigorous demonstration. * 

This account of the construction of the science of 
Mechanics, however generally treated, cannot be other- 
wise than technical in its details, and 'will probably be 
imperfectly understood by any one not acquainted with 
Mechanics as a mathematical science. 

I cannot omit this |K)rtion of my suiwey without 
renderingwmy work incomplete; but I may remark 
that the main purpose of it is to prove, in a more 
particular manner, what I have already declared in 
general, that there are, in Mechanics no less than in 
Geometry, fundamental principles of axiomatic evi- 
dence and necessity ; — ^that those principles derivfe their 
axiomatic character fi*om the Idea which they involve, 
namely, the Idea of Cause; — and that througj;! the 
combination of principles* of this kind, the whole sci* 
enCQ of Mechanics, including its most complex and I 
remote results, exists as a body of solid and^universal 
trutha. 
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2. Staiica cmd Dynamica. — e must first turn our 
attention to a technical distinction of Mechanics into 

portions, according as the forcas about which we 
reason produce rest, or motion; the former portion is 
termed Statical the latter Dyriamica. If a stone fall, 
or a weight put a machine in motion, the problem 
belongs to Dynamics; but if the stone rest upon the 
ground, or a weight be merely supported by aimacliine, 
without being laised liigher, the question is one of 
Statics. , • ^ ^ 

3. Equitibrium.-^ln iS^tics, fovces balance each 
other, or keep each other in equilihriuTi^ And forces 
which directly balance ei|ch other, or keep each other 
in eqiiilibrium, ai% necessarily ai^d manifestly tequal. 
If we see two boys pull at two ends of a rope so 
tliat neither of them in the smallest degree ^prevails 
over th<% other, we have a case in which two forces 
are in equilibrium. The two forces are evidently equal, 
and are a statical exemplification of action and re- 
action, such as are spoken of in the third axiom 
concerning causes. Now the same ex*emplification oc- 
curs in every case of equilibrium. Np pcant or body 
can be kept at rest except in virtue of opposing forces 
acting upon it ; and these forces must always be equal 
in their opposite effebt. When a stone lies on the 
floor, the weight of the stone dovnwards is opposed 
and balanced by an equal pressure of the floor up- 
wards. If the stone rests on a slope, its tendency to 
slide is counteracted by some equal and opposite force, 
arising, it may be, from the resistance whi'j^ the slop- 
ing gi'ound opposes to any motion along its surface. 
Every case of rest is a case of equilibrium : every case 
of equilibrium is a case of equal and opposite forces. 

The most complex frame-work on which weights are 
supported, as.the r<x)f of a building, or the cordage of a 
machine, are still examples of equilibrium. In such 
cases we may have many forces all combining to ba- 
lance*each other; and the equilibrium will depend on 
various conditions of direction and magnitude among 
the forces. And in order to understand what* are 
these conditions, wc must ask, in the first placoi what 
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we understand by the magnitude of such forces; — ^what 
is the measure of statical forces. 

4. Measure of StaiiceX Forces . — At first we mi^ht 
expect, perhaps, that since statical forces come under 
the general notion of Cause, the mode of measuring 
them would be dorived from the second axiom of Causa- 
tion, that causes are measured by their effects. But 
wc find that the application of this axiom is controlled 
by the limitation which we noticed, after stating that 
axiom ; namely, the condition that the causes shall be 
capable of sidditiom Further, as we have seen, a stati- 
cal force pro(Juces no other effect than this, that it 
balanceL some other statical ^rce; and hence the mea- 
sure of statical forces is necei<Rai*iiy de])cndent upon 
their* balancing, that is, upon the equality of action 
and reffotion. 

That statical forces a/re capable of addlti&a is in- 
volved in our conception of such forces. When two 
men pull at a rope in the same dii*ection, the forces 
which they exei’t are added together. When two 
heavy bodies ate put into a basket suspended by a 
string, thcic weights arc added, and the sum is sup- 
ported by the spring. 

Combining those considerations, it -will appear that 
the measure of statical forces *is necessarily given at 
once by the fundamental principle of the equality of 
action and reaction. Since two opposite forces which 
balance each other are equal, each force is measui'cd 
by that which it balances; and since forces are capable 
of additioj^ a force of any magnitude is measured by 
adding together a proper number of such equal forces. 
Thus a heavy body which, appended to some certain 
dastic branch of a tree, would bend it down through 
one inch, may be taken as a unit of weight. Then if 
we remove this first body, and find a ^econd heavy 
body which will also bend the brnneh through the 
same space, this is also a unit of weight; and in like 
manner we might go on io a third and a fourth ^equal 
body; an(l adding together the two, or the threc^ or 
the lour heavy bodies, we have a force twice, or three 
times, or four times the unit of weight And with 
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such a collection of heavy bodies, or weighJtSj we can 
readily measure all other forces; for the same principle 
cf •the equality of action and Reaction leads at once to 
this maxim, that any statical force is measured by the 
weight which it would sxipport. 

As has been said, it might at first have been sup- 
posed that we should have to apply, in this case, the 
axiom that causes are measured by their effects in an- 
otlier manner ; that thus, if that l)ody were a unit of 
weight which bent tlic bough of a tree tlirough one 
inch, ilml body would bb two uni^^ wWch bent it 
through two inches, aftd on. But, as we have 
already stated, the measures of weight nfust be, subject 
to this condition, H-hat ^iiey are susceptible of ^ being 
added : and th(;refore we cannot 'talcc tlie deflexion of 
the bough for our measure, till we kave asctsrtained, 
that whi^h oxpei'icnce alone can teach us, that under 
the burden of two equal w'^eights, the deflexion will be 
twice as groat as it is with one weight, which is not 
true, or at least is neither obviously nor necessarily 
true. In this, os in all other cases, •although oauscs 
must be measured by their effects, we learij from expe- 
rience only how the effects jy'c.to be iliterpreted, so as 
to give a true and consistent measure. 

With regard, however, to the measure of statical 
force, and of weight, no difficulty really occurred to 
philosophers from the time when they first began to 
speculate on such subjects ; for it was easily seen that 
if wo take any uniform matei*ial, as wootl, or stone, or 
iron, portions of this which are geometrically equal, 
must also be c<puil in statical effect; since tllTis was im- 
plied in the veiy hypothesis of a uniform material. 
And a body ten times as large as another of the same 
substance, will be of ten times the weight. But before 
men ^ould establish by reasoning the conditions under 
which weights would be in equilibrium, some other 
principles were needed in addition to the mere mea- 
sure W forces. The piincipjes introducetl for this pur- 
pose still resulted from the conception of equal action 
and reaction; but it required no small cleaniess of 
thought ‘to select them rightly, and to employ them 
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successfully. This, however, was done, to a certain 
extent, by the Greeks; and the treatise of Archimedes 
On the Center of Gravity, is founded on princi|>les 
which 'may still be considered as the genuine basis of 
statical reasoning. I shall make a few remarks on the 
most important principle among those which Archi- 
medes thus employs. 

5. • Tie Center of Gravity, — The most important of 
the principles which enter into the demonstration of 
Archimedes is this : that Every Ixnly has a center of 
gravity;” ifieaiifng by the cbnter of gravity, a point at 
which the whole matter of the body may be supposed 
to be collected to all intent^ and pui7)oses of statical 
reasoning. This principle has b^n jmt in various 
forms by succeeding Writers : for instance, it has been 
thoughtr sufficiefxt to aasume a case much simpler than 
the general one; and to assert that two eqv{d bodies 
have tlieir center of gravity in the point midway be- 
tween them. It is to be observed, that this asseriion 
not only implies that the two bodies will balance upon 
a support place^i at tliat midway point, but also, that 
they will exercise, upon such a support, a lyresmre 
equal to thAr sum; for tins poiht being the center of 
gravity, the whole matter of the two Iwdies may be 
conceived to be collected th^e, and therefore the 
whole weight will press tliere. And tlius the principle 
in question amounts to tins, that when two equal lieavy 
bodies are supported on the middle point between them, 
tJw pressure upon the support is equal to the sum of the 
weights ofjjie bodies, 

A clear understanding of the nature and grounds of 
tliis principle is of great -consequence: for in it we 
have the foundation of a large portion of the science 
of Mechanics. And if this principle can be shown 
to be necessarily tine, in virtue of our Jt'undamental 
^deas, we can hardly doubt that there exist many 
otlier trutlis of tlie same kind, and that no sound view 
of the evidence and extei^t of human knowledge can 
be obtained, so long as wre mistake the nature of these, 
its fii-st principles. 
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The above principle, that the preusnre on the sup- 
port is equal to the sum of the bodies supported, is 
oftfen stated as an axiom in tthe outset of books on 
Mechanics. And this appears to be the true place and 
character of this principle, in accordance with the 
reasonings which we have already urged. The axiom 
depends upon our conception of action and reaction. 
That the two weights are supported, impliestthnt the 
supporting force must be equal to the force or weight 
supported. . • 

In order fiu-ther to sHbw the fcAidaAon of this 
principle, we may ask Aie question : — If it be not an 
axiom, deriving its trutlj from the ^nuamental con- 
ception of equal action and reaction^ whicli equilibrium 
always implies, wliat is the origin of its certainty? 
The principle is never for an instant* denied ^r ques- 
tioned : i^ is taken for gianted, even before it is stated. 
No one will doubt that it is i\ot only true, but true 
with the same rigour and universality as the axioms of 
Geometry. Will it be said, that it is boiTowed from 
experience? Experience could never prove a principle 
to be universally and rigorously time. Mortover, when 
from experience we J>**ove da •proposition to possess 
great exactness and generality, we approach by de- 
grees to this proof: the conviction becomes stronger, 
the truth more secure, as we accumulate trials. ,But 
nothing of this kind is the case in the instance before 
us. There is no gi*adation from less to greater cer- 
tainty; — no hesitiition which precedes confidence. 
From the fii^st, we know that the axiom k exactly 
and certainly true. In order to be convinced of it, wo 
do not require many trials, Jbut merely a cleai' under- 
standing of the assertion itself. 

But in fact, not only are trials not necessaiy to the 
proofs but they do not strengthen it. Probably no one 
ever made a trial for tlie purpose of showing that th^^ 
pressure upon the support is equal to the sum of the 
two heights. Certainly no^pei-son with cleai* mecha- 
nical conceptions ever want^ such a trial tjp convince 
him of the ti’uth; or thought, the truth clearer After 
the trial* had been made. If to such a person, an 
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experiment were shown which seemed to contradict the 
principle, his conclusion would be, not that the princi- 
ple was doubtfiil, but that the apparatus was out ef 
order. Nothing can be less like collecting truth from 
experience than this. 

We maintain, then, that this equality of mechanical 
action and reaction, is one of the principles which do 
not tlo'w^from, but regulate our experience. To this 
principle, the facts which we obseiwe must conform; 
and wo cannot help interpreting them in such a man- 
ner that tWey slfjiil be exenfplifications of the principle, 
A mechanical pressure not accompanied by an equal 
and opposite pressure, can no more be given by expe- 
rieucp, than two unequal riglit an^es. With the sup- 
position of such iAecJualities, space ceases to be space, 
force cijases to 'be force, matter ceases to be matter. 
And this equality of action and reaction, considered in 
the case in wliich two bodies are connected so as to act 
on a single siippoH, leads to the axiom which wo have 
stated above, and which is one of the main foundations 
of the science of Mechanics. 

[ 2 d cd.] « [To the doctrine that mechanical principles, 
such as the one here under consideration (that the pres- 
sure on the point of support is equal to the sum of the 
weights), are derived from our^Idetis, and do not flow 
from but regulate our experience, objections are natu- 
rally made by those who assert all our knowledge to 
be derived from experience. How, they ask, can we 
know the properties of pressures, levers and the like, 
except from exj)erience1 Wliat but experience can 
possibly inform us that a force applied transversely to 
a lever will have any ten^Jency to turn the lever on its 
center? This cannot be, except we suppose in the 
lever tenacity, rigidity and the like, which are quali- 
ties known only by experience. And it is obvious 
^at this line of argument might be earned on through 
the whole subject. 

My answer to this o^^ection is a remark if the 
same kiiyl as one which I have made respecting 
the* Ideas of Space, Time, and Number, in the last 
Book. The mind, in apprehending events* as causes 
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and effects, is governed hy Laws of its own Ac- 
tivity; and these Laws govern the results of the 
miifd’s action; and make th^e results conform to 
the Axioms of Causation. But this activity of the 
mind is awakened and developed by being exercised ; 
and in dealing with the examples of cause and effect 
here spoken of, (namely, pressure and resistance, 
force and motion,) the mind^s activity is nefesaarily 
governed also by the bodily powers of perception and 
action. We arc h^m^n beings only in so far as we 
have existed in space and* time; antj^of dur human 
faculties, developed by oifr existence in sjgace and time, 
space and time are necessary conditions. In like man- 
ner, we are human* beings only in so far as we, have 
bodies, and bodily organs ; and Oui^ bodies necessarily 
imply material objects external to us. • And hence our 
human faculties, developed by our bodily existence in 
a material world, have the conations of matter for 
their necessary Laws. 1 have already said (chap, v.) 
that our conception of Force arises with our conscious- 
ness of our own muscular exertions ; — ^hat Force can- 
not be conceived without Kesistauce to exercise itself 
upon ; — iind tliat this i^*sLstaiv3e#is supplied by Matter. 
And thus the conception of Matter, and of the most 
general modes in whicii Matter receives, resists, and 
tmnsmits force, are parts of our constitution which, 
though awakened and unfolded by our being in a ma/- 
terial world, are not distinguishable from the original 
structure of the mind. I do not ascribe to the mind 
innate Ideas — Ideas which it would have, e^en if it 
had no intercourse with the world of space, ume, and 
matter ; becausff we cannot imagine a mind in such a 
state. But I attempt to point out and classify those 
Conditions of all Experience, to which the intercoui*se 
of alLminds jrith the material world has necessarily 
given rise in all. Truths thus necessarily acquired 
tlie course of all experience, cannot be said to be leamt 
from txperunce^ in the same^sense in which pariicular 
t facta, at definite times, are leamt from experience — 
* leamt by some persons and not by otliers — leaimt i^ith 
more or less of certainty. These latter special truths of 
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experience will be very important subjects of our con- 
sideratiou; but our whole chance of discussing them 
with any profit depend^ upon our keeping them distinct 
nom the necessary/ a/nd universal conditions of experi- 
ence. Here, as everywhere, we must keep in view the 
fundamental antithesis of Ideas and Facts.] 

6. Oblique Forces, — By .the aid of the above axiom 
and<a |ew others, the Greeks made some progress in 
the science of Statics. But after a short advance, they 
arrived at another difficialty, t^ia^of Oblique Forces, 
which they nei^r overcanie; and which no mathema- 
tician mastered till modem Himes. The unpublished 
manuscripts *of Leonardo da Vinci, written in the fif- 
teenth centuiy, and the works of Stevinus and Galileo, 
in the sixteenth, 'are the places in which we find the 
first solid grounds of reasoning on the subject of forces 
acting obliquely to each other. And from t^at period, 
mathematicians, having thus become {>osses8ed of all 
the mechanical principles which are requisite in pro- 
blems respecting equilibrium, soon framed a complete 
science of Statics. Succeeding writers presented this 
science in , forms variously modified ; for it was found, 
in Mechanics Us in Qe^metryj that various proposi- 
tions might be taken as the starting points ; and that 
the collection of truths wliich it was the mechanician’s 
business to include in Ids course, might thus be tra- 
versed by various routes, each path offering a series of 
satisfactory demonstrations. The fundamental concep- 
tions of force and resistance, like those of space and 
number, could be contemplated under different aspects, 
each 01 ^hich might be made the basis of axioms, 
or of principles employed as axioiis. Hence the 
grounds of the tru^ of Statics may be stated in 
various ways; and it would be a task of some length 
to examine all these completely, and to trace them to 
^their Fundamental Ideas. This I shall not undertake 
here to do; -but the philosophical importance of the 
subject makes it proper^ to offer a few remaj^ks on 
some of the main principles involved in the different 
modes of presenting Statics as a rigorously demon- 
strated science. 
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7. A Force may he supposed to act at way Point of 
its IHrectton . — It has been stated in the history of Mo- 
ch&nics', that Leonardo da Yinbi and Galileo obtained 
the true measure of the effect of oblique forces, by 
reasonings which were, in substance, the same. The 
principle of these reasonings is that expressed at the 
head of tins paragraph ; and when w^ have a little ac- 
customed ourselves to contemplate our conceplions of 
force, and its action on matter, in an abstract manner, 
we shall have no difficulty in assenting io the principle 
in this general form. !l^t it may, pSrhaps, be more 
obvious at i^st in a special case. • 

If we suppose a w^eel, moveable about its axis, and 
carrying witli it in its motion a, weight, (as, foi* ex- 
ample, one of the wheels by means of wliich th^ large 
bells of a church are rung,) this weight may be sup- 
ported by%nean8 of a rope (not passing along the cir- 
cumference of the wheel, as is Usual in the case of 
bells,) but fastened to one of the spokes of the wheel 
Now the piinciple which is enunciateci above asserts, 
that if the rope pass in a straight line across several of 
the spokes of the wheels dt makes no difference in the 
mechanical effect of the force *a^plied, for tlie purpose 
of putting the bell in n^otion, to which of these spokes 
the rope is fastened. In each case, the fastening of the 
rope to the wheel merely serves to enable .the force to 
produce motion about the center; and so long as the 
force acts in the same line, the effect is the same, at 
whatever point of the rope the line of action finishes. 

This axiom* very readily aids us in estimytflng the 
effect of oblique forces. For when a force acts on one of 
the arms of a lever at any oblique angle, we suppose 
another arm projecting from the center of motion, like 
another spoke of the same wheel, so situated tliat it is 
perpeifdicular *0 the force. This arm we may, with 
Leonardo, call the virtual lever; for, by the axiom, we 
may sjipposo the force to act where the lino of its 
direction meets this arm ; and thus we reduce the case 


1 Hut h\A. Sc. b. vL a L sect a: 
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to that in which the force acts perpendicularly on the 
arm. ^ 

The ground of this akiom is, that matter, in Stati&s, 
is necessarily conceived as trcmamiUmg force. That force 
can be transmitted from one place to another, by means 
of matter; — that we can push with a rod, pull with a 
rope, — are suppositions implied in our conceptions of 
force afid matter. Matter is, as we have said, that 
which receives the impression of force, and the modes 
just mentit»ned,r are the sajnplesfc ways in wliich that 
impression oper^es. And since, in any of these cases, 
the force might be resisted by a reaction egual to the 
force itself, the reaction in each (^^se would be equal, 
and,* therefore, the ^tion in each case is necessarily 
equal and thus the forces must be ti*anamitted, from 
one point to anWier, without increase or diminution. 

This property of matter, of transmitting ^ohe action 
of force, is of various kinds. We have the coherence 
of a rope which enables us to pull, and the rigidity of 
a fetaff, which enables us to push with it in the direc- 
tion of its length; and again, the same staff has a 
rigidity of^ another kind, in virtue of which we can use 
it as a lever; that is, d rigidity to resist flexure, and to 
transmit the force which turns^a body round a fulcrum. 
There is, further, the rigidity by which a solid body 
resists twistijig. Of these kinds of rigidity, the fii*st is 
that to which our axiom refers; but in order to com- 
plete the list of the elementary principles of Statics, we 
ought also to lay down axioms respecting the other 
kinds rigidity". These, however, I Shall not here 
state, as they do not involve any new4)rinciple. Like 
the one just considered, they form part of our funda- 
mental conception of matter ; they are not the results 
of any experience, but are the hypotheses to which we 
are irresistibly led, when we would liberate our rea- 
sonings concerning force and matter from a dependence 
on the special results of experience. We cann<jt even 


* Such axioms aro given in a little work (ZTie Mechanical LudiJ) which 1 ^ 
pablisho^ on the Elements of Moohauici. 
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conceive (that is, if we have any clear mechanical con- 
ceptions at all) the force exerted by the point of a 
stutf and resisting the force which we steadily impress 
on the head of it, to be different from the impressed 
force. 

8. Forces may have equivcderU Forces suhstUv^ted for 
them. The PmaUelogram of Forces . — It has already 
been observed, that in order to prove the doc^rinbs of 
Stiitics, we may take various principles as our starting 
points, and may still find a^(8oui’se of d^mon|jtration by 
which the loading propos^tioi^ belonging to the, subject 
may be established. Thus, instead of beginning our 
reasonings, as in the last ejection we supposed tliem to 
commence, with thh case in whieV forces act ^pon 
different points of the same body in the same line of 
force, and counteract each other in virthe of the inter- 
vening mutter by which the effect of force is trans- 
ferred from one point to another ; - we may suppose dif- 
ferent forces to act at the same point, and may thus 
commence our reasonings with a case in wliich we 
have to contemplate force, without having to take into 
our account the resistance or rigidity of matter. . Two 
statical forces, thus acting at a miithcrnatical point, are 
eciuivalent, in all respects, to some single force acting 
at the same point ; andf would be kept in equilibrium 
by a force equal and o])posite to that single force. And 
the rule by which the single force is derived from the 
two, is commonly tenned the parallelogram of forces; 
the proposition being this,— That if the two forces be 
represented in magnitude and direction by»Ahe two 
sides of a parallelogram, the resulting force will be 
represented in the same manner by the diagonal of the 
parallelogram. This proposition has very frequently 
been made, by modern writers, the commencement of 
the science of« Mechanics : a position for wliich, by its 
simplicity, it is well suited; although, in order to 
deduce^ from it the other elementary propositions of the 
science, as, for instance, those respecting the lever, we 

# require the axiom stated in the last section. • ^ 

* 9. Thj^ Pa/rallelogram of Forces is a necessary 
TrvJth , — In the series of discussions in which we are 
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here engaged, our main business is to ascertain the 
nature and grounds of the certainty of scientific tnitha 
We have, therefore, to^ask whether this proposilioki, 
the parallelogram of forces, be a necessary truth ; and 
if so, on what grounds its necessity ultimately rests. 
We shall find that this, like the other fundamental 
doctrines of Statics, justly claim a demonstrative cer- 
tainty. ^Daniel Bernoulli, in 1726, gave the first proof 
of this important proposition on pure statical princi- 
ples; and ^us, ^as he says^^^ ^prov^ that statical theo- 
rems are not less^necessarijy t^jie than geometrical are.' 
If we examine this proof of Bernoulli in order to dis- 
cover Vhat are the principles on wtiich it rests, wc 
shall « find that thft reasoning employs in its progress 
such axioms as this; — That if from forces wliicli are 
in equilibrium ht a point be taken away other forces 
which are in equilibrium at 'Hihe same pois-t, the re- 
mainder will be in equilibrium; and “generally ; — That 
if forces can be resolve^ into other equivalent forces, 
these may be separatedj^ grouped, and recombined, in 
any new manner, and the result will still be identical 
with what*'it at tii*st. Thus in BeFiioulli's proof, 
the two^forces to be cctmpbund^^ are represented by p 
and Q ; P is revived into two other forces, x and u ; 
and Q into two othera, v and 'v, under certain condi- 
tions. It is then assumed that these forces may be 
grouped into the pairs x, y, and u, v : and when it has 
been shown that x and y are m equilibrium, they m^y, 
by what has been said, be removed, and the forces, p, 
q, are sq[)iivalent to n, v; which, being in the same 
direction by the course of the constmetion, have a 
result equal to their sum. 

It is clear that the principles here aasumed are 
genuine axioms, depending upon our conception of the 
nature of equivalence of forces, and upon their being 
capable of addition and composition. If the forces, p, 
q, be equivaimt to forces x, u, Y, v, they are equ jyalent 
to these forces added and compounded in any order; 
just as a (geometrical figure is, by our conception of 


* Cmm. Petrop* voL L 
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space, equivalent to its parts added together in any 
order. The apprehension of forces ^ having magni- 
tude, as made up of parts, as* capable of composition, 
leads to such' axioms in Statics, in the same manner as 
the like apprehension of space leads to the axioms of 
Geometry. And thus the truths of Statics, resting 
upon such foundations, are independent of experi- 
ence in the same manner in which geometrioal truths 
are so< 

The proof of the parallelogram of forces thus given 
by Daniel Bernoulli, as it was the host, is*also one of 
the most simple proofs of tLat proposition which have 
been devisecl up^ the prq^ent day. Many other*demon- 
stiations, however, liave been given of the same propo- 
sition. Jacobi, a German mathetnalician, has collected 
and examined eighteen of these \ They all* depend 
cither upon such principles as have just been stated; 
That forces may‘ in every way be replaced by those 
which are equivalent to them; — or else upon those 
previously stated, the doctrine of the lever, and the 
transfer of a force from one i)oint td anotlier of its 
dmection. In either case, they are necessaziy results of 
our stadcal conceptions, independent of any obseiwed 
laws of motion, and indeed, of the conception of actual 
motion altogether. * 

There is another class of alleged proo& of the ^mral- 
lelogram of forces, which involve the consideration of 
t^e motion produced by the forces. But such reasonings 
are, in fact, altogether irrelevant to the subject of 
Statics. In that science, forces ai'e not m^ured by 
the motion which they produce, but by the forces 
which they will balance, as we have already seen. The 
combination of two forces employed in producing motion 
in the same body, eitlier simultaneously or successively, 


* The|e are by the followlxig ma- Salimbeni; Duehayla; two differeBt 
UiematioLanB ; D. Bemonlli (173^ ; eproofo by Fonoenex (1760) ; three by 
Lambert (X771); ScaieDa (1756); Ve- D'Alembert; and th^ of Laplace 
nlni <1764) ; Aialdl (1806); Wachter and M. Poiaaon. * 

48x5); Kmtifer; Marini; Eytelwein; 

VOL. I. • Q 
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l^elongs to that part of Mechanics which has motion 
for its subject, and is to be considered in treating of 
the laws of motion. The composition of motion, 
when a man moves in a ship while the ship moves 
through the water,) has constantly been confounded 
with the composition of force. But though it has 
been done by veiy eminent mathematicians, it is quite 
necessarj for us to keep the two subjects distinct, in 
order to see the real nature of the evidence of truth 
in either ci\se. rTlio conditjons of equilibrium of two 
forces on a leveiV or of three^orces at a [>oint, can be 
established without any reference '^atever to any 
motionif which the forces might, uncmr other circum- 
stances, produce. ,And because this can be done, to 
do so ig the only scientific procedure. To prove such 
propositions by any other course, would be to support 
truth by extraneous and inconclusive reasons ; which 
would be foreign to our purpose, since we seek not only 
knowledge, but the grounds of our knowledge. 

lo. The Center of gravity seeks the limest ylace , — 
The principles which we have already mentioned afford 
a suSicient' basis for the science of Statics in its most 
extensive and varied applications ; and the conditions of 
equilibrium of the most complex combinations of ma- 
chinery may be deduced from these principles witli a 
rigour not inferior to that of geometry. But in some of 
the more complex cases, the results of long trains of 
reasoning may be foreseen, in virtue of certain maxinis 
which appear to us self-evident, although it may not be 
easy to4vace the exact dependence of these maxims 
upon our fundamental conceptions of force and matter. 
Of this nature is the maxim now stated ; — That in any 
combination of matter any how supported, the Center 
of Gravity will descend into the lowest position which 
the connexion of the parts allows it ^to assume by 
descending. It is easily seen that this maxim carries 
to a much greater extent the principle whi^i the 
Greek mathematicians assumed, that every body has a 
Ceqter ofr Gravity, that is, a point in which, if the 
whine matter of the body be collected, the effect will 
remain unchanged. For the Greeks asserted this of a 
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single rigid mass only; whereas, in the ‘'maxim now 
under our notice, it is asserted of any masses, con- 
necled by strings, rods, joints, ^r in any manner. We 
have already seen that more modem writers on me- 
chanics, desirous of assuming as fundamental no wider 
principles than are absolutely necessary, have not 
adopt^ the Greek axiom in all its generality, but have 
only assei*ted that two eqital weights have a <jbni)er of 
gravity midway between them. Yet the principle that 
eveiy body, however irregul.ii*, has a center ,of gravity, 
and will be supported if^thajb center i!s supported, and 
not otlierwise, is so far evident, that it anight be em- 
ployed as a fun(&mental truth, if we could not resolve 
it into any simpler ^ths : and, historically speaking, it 
was assumed as evident by the Greeks. In like maimer 
the still wider principle, tliat a collection of bodies, as, 
for instance, a flexible chain hanging upon one or more 
su[)ports, lias a center of gravity;* and that this point 
will descend to the lowest possible situation, as a single 
body would do, has been adopted at vapous periods in 
the histoiy of mechanics ; and especially at conjunctures 
when mathematical philosophers have had n^w and dii- 
iicult problems to contend with/ For in almost every 
instance it has only been by repeated struggles that 
philosophers have redu&d the solution of such prob- 
lems to a clear dependence upon the most simple 
axioms. 

ji. SUvimii^a Proof for Oblique Forces . — ^We have 
an example of this mode of dealing witli problems, in 
Stevinus’s mode of reasoning concerning theiJhiclined 
Plane ; whicli, as we have stated in the History of Me- 
chanics, was tlie first correct published solution of that 
problem. Stevinus supposes a loop of chain, or a loop 
of string lofwled with a scries of equal balls at equal 
distamJes, to bang over the Inclined Plane; and his 
reasoning proceeds upon this assum]>tion, — That such 
a loop |o hanging will find a certain position in wdiich 
it will rest: for otherwise, says he ^ its motion must 
I go on for ever, which is absurd. It may be aisked Ijow 
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® Stevin. Statiqw, llvre i. prop. iq. 
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thiB absurdity of a perpetual motion appears; and it 
will perhaps be added, ^at although the impossibility 
of a machine with sucB a condition may be provwto 
a remote result of mechanical principles, this impossi' 
bility can hardly be itself recognized as a self-evident 
truth. But to this we may reply, that the impossi- 
bility is really evident in the case contemplate by 
Steviniis ; for we cannot conceive a loop of chain to go 
on through all eternity, sliding round and round upon 
its suppoiV;, byKihe effect cf its \)wn weight. And the 
ground of our conviction -tha#‘ this cannot be, seems to 
be thb consideiation; that when th^ chain moves by 
the eflfect of its weight, we ^onsidpr its motion as the 
result of an effort to reach some certain position, in 
which it can r^t; just as a single ball in a bowl moves 
till it comes to rest at the lowest point of the bowl. Such 
an effect of weight in the chain, we may it^present to 
ourselves by conceiving all the matter of the chain to 
be collected in one single point, and this single heavy 
* point to hang (from the support in some way or other, 
so as fitly to represent the mode of support of the 
chain. In whatever mannei; this heavy point (the 
center of gravity of Ihb chain) l>e supported and con- 
trolled in its movements, ther^e will still be some posi- 
tion of rest which it will seek and find. And thus 
there will be some corresponding position of rest for 
the chain; and the interminable shifting from one 
position to another, with no disjiosition to rest in any 
position, cannot exist. 

ThtW^ the demonstration of the property of the 
Inclined Plane by Stevinus, depends upon a principle 
which, though far from being the simplest of those to 
which the case can be reduced, is still both true and 
evident : and the evidence of this principle, depending 
upon the assumption of a center of gravity, of the 
same nature as the evidence of the Greek statical de- 
monstrations, the earliest real advances in the science. 

12. Principle of YiHual Velecitiee. — We have re- 
ferred above to an assertion often made, that we may^t, 
from the simple principles of Mechanics, demonstrate 
the impossibility of a perpetual motion. In reality, 
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however, the simplest proof of tliat impossibility, in a 
machine acted upon by weight only, arises from the 
vmif maxim above stated, that the center of gravity 
seeks and finds the lowest place; or from some similar 
proposition. For if, as is done by many writers, we 
profess to prove the impossibility of a perpetual motion 
by means of that proposition which includes the condi- 
tions of equilibrium, and is called the PrwStipde of 
Virtual Vdoeitiea^^ we are under the necessity of first 
proving in a general snani^ that pri^cipl^ And if 
this be done by a mere ^numeration *\)f cases, (as by 
taking those five cases wMch are called th^ Medumical 
Powers^ there may remain some doubts whether the 
enumeration of posable mechanical, combinations be 
complete. Accordingly, some writers have attempted 
independent and genend proofs of th^ Principle of 
Virtual Velocities; and these proofs rest upon assump- 
tions of the same nature as that^ now under notice. 
This is, for example, the case with Lagrange’s proof, 
which depends upon what he calls the Principle of 
Pvlleye, For this principle is, — ^That a weight any 
how supported, as by a string passing rgund liny num- 
l)er of pulleys any how placody*will be at rest then 
only, when it cannot get lower by any small motion of 
the pulleya And thus *the maxim that a weight will 
descend if it can, is assumed as the basis of this proof. 

There is, as we have said, no need to assume such 
principles as these for the foundation of our mechanical 
science. But it is, on various accoxmts, useful to direct 
our attention to those cases in which truths,* appre- 
hended at first in a complex and derivative form, have 
afterwards been reduced to their simpler elements; — 
in which, also, sagadous and inventive men have fixed 
upon those truths as self-evident, which now appear to 
us only certain^in virtue of demonstration. In these 
cases we can hardly doubt that such men were led to 
assert t^ie doctrines which they discovered, not by any 
capridouB conjecturf^ of arbitrary selection, but by 
^having a keener and deeper insight than other perstms 


See Hid. Jnd Sc. b, vL e. il ueet 
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into the relations which were the object of their con- 
templation; and in the science now spoken of, they 
were led to their assumfitions by possessing clearly and 
distinctly the conceptions of mechanical cause and 
effect, — action and reaction, — force, and the nature of 
its operation. 

Fluids 2yre88 Equally in aU Directums , — ^The 
doctrines which concern the equilibrium of fluids de- 
pend on principles no less certain and simple than 
tliose whi^ refer to the 'oquilibrium of solid bodies ; 
and the Greeks, Vho, as iKae hsve seen, obtained a clear 
view of somcMof the principleB of Statics, also made a 
beginning in the kindred siitject Hydrostatics. We 
still 'possess a treatise of Archimedes On Floating 
Bodies^, which contains correct solutions of several 
problems belon^ng to this subject, and of some which 
are by no means easy. In this treatise, lihe funda- 
mental assumption is of this kind ; ^ Lot it be assumed 
that the nature of a fluid is such, that the parts which 
are less pressecl yield to those which are more pressed.^ 
In this assumption or axiom it is implied that a pres- 
sure exerted upon a fluid in qne direction produces a 
pressure in another direction; thus, the weight of the 
fluid which arises from a dovoiward force produces a 
lateral pressure against tlie sides of the containing ves- 
sel. Not only does the pressure thus diverge from its 
original direction into all other directions, but the 
pressure is in all directions exactly equal, an equal 
extent of tlie fluid being taken. This principle, which 
was inw&lved in the reasoning of Archimedes, is still 
to the present da^ the basis of all hydrostatical trear 
tises, and is expressed, as above, by saying that fluids 
press equally in aU directions. 

Concerning this, as concerning previously-noticed 
principles, we have to ask whether it acan rightly be 
said to be derived from experience. And to this the 
answer must still be, as in the former cases, tjj^at the 
proposition is not one borrowed||;from experience in 
any usual or exact sense of the phrase. I will en- \ 
deavour to illustrate thia There are many (elementary' 
proportions in physics, our knowledge of which indis- 
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putably depends upon experience; and in these oases 
there is no difficulty in seeing the evidence of this de- 
pefidence. In such cases, the^a^rme^ite which prove 
the law are prominently stated in treatises upon the 
subject : they are given with exact measures, and with 
an account of the means by which errours were avoided : 
the experiments of more rdcent times have either ren- 
dered more certain the law originally asserted^ oi' have 
l)ointecl out some correction of it as requisite : and the 
names, both of the discov^ers of th^ law and of its 
subsequent refoi-mers, a^e ii^ell known. I'or instance, 
the proposition that ‘ The daatic force of air varies as 
the density,’ was finst pipved by Boyle, by mABans of 
operations of whicS the detail is g\ven in Ids Defence 
of his Pr^eumatical Experir/ients^'; and by Mariiotte in 
his Traits de VEquUihre des Liquide8\ from whom it 
has gen^lly been tenned Marriotte’s law. After 
being confirmed by many other- experimentci’s, this 
law was suspected to be slightly inaccurate, and a 
commission of the French Academy of Sciences was 
appointed, consisting of several distinguished philoso- 
phers*, to ascertain the.tmth or folse]}ood of this sus- 
picion. The result of ’their investigations appciired to 
be, that the law is exact, sis nearly as tlie ineidtablc 
inaccmucies of machinhry and measures will allow us 
to judge. Here we have an example of a law which 
is of the simplest kind and form; and which yet is not 
allowed to rest upon its sim})licity or appaix^nt proba- 
bility, but is rigorously tested by exjjerience. In tliis 
case, the assertion, that the law depends upon experi- 
ence, contains a reference to plain and notorious pas- 
sages in the history of science. 

Now with regard to the principle that fluids press 
equally in all directions, the case is altogether diflerent. 


7 Shav'8 Boyk, VoL 11. p. 67 T. 

The fnenibers were Prony, Ango, 
AmpdTe, Ulrard, and Dalang. The 
experiments were extended to s pres- 
sure of twenty-seven atmospheres; 
and in no Instance did the difference 


between the ol>served and calculated 
elasticity amount to one-hundredth 
the whole ; nor did the difference 
appear to increase wUh tlie in(^rease 
of preseure.~Fechuer, Repertorivmi 
1. zia 
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It is, indeed, often asserted in works on hydrostatics, 
that the principle is collected from experience^ and 
sometimes a few experiihents ore described as exhit>it^ 
ing its effect; but these are such as to illustrate and 
explain, rather than to prove, the truth of the princi- 
ple; they are never related to have been made with 
that exactness of precaution and measurement, or that 
frequendy of repetition, which are necessary to estSr 
blish a purely experimental truth. Nor did such ex- 
periments pccun^as impoi't^nt steps in the history of 
science. It does'^not appear that Archimedes thought 
expeiiment necessary to confirm the truth of the law 
as he employed it : on the contrary, he states it in ex- 
actly ^he same shape as the axioms which he employs 
in statics, and even in geometry; namely, as an as- 
sumption. Nor does any intelligent student of the 
subject find any difficulty in assenting to this fundar 
mental principle of hydrostatics as soon as it is pro- 
pounded to him. Experiment was not requisite for its 
discovery ; exp^ment is not necessary for its proof at 
present ; and we may add, that experiment, though it 
may make 'the proposition the more readily intelligible, 
can add nothing te our^ conviction of its truth when it 
is once understood. 

14. of the ahwe Axiom , — ^But it will 

naturally be asked, What then is the groimd of our 
conviction of this doctrine of the equal pressure of a 
fluid in all directions? And to this I reply, that the 
reasons of this conviction are involved in our idea of a 
fluid, whkh is considered as matter, and therefore as 
capable of receiving, resisting, and transmitting force 
according to tbe general conception ^of matter ; and 
which is also considered as matter which has its parts 
perfectly moveable among one another. For it follows 
from these suppositions, that if the fluid be confined, 
a pressure which thrusts in one side of the containing 
vessel, may cause any other side to bulge outws^rds, 
there be a part of the suicfiice which has not strength 
to ^ist this pressure from within. And that ^s 
pressure, when thus transferred into a direction differ- 
ent frqm the original one, is not altered in intensity, 
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depends upon tiiis consideration; that any difference 
in the two pressures would be considered as a defect of 
perfect fluidity, since the fluidity would be still more 
complete, if this entire and undiniinished transmission 
of pressure in all directions were supposed. If, for 
instance, the lateral pressure were less than the ver- 
tical, this could be conceived no other way than as in- 
dicating some rigidity or adhesion of the parts of the 
fluid. When the fluidity is perfect, the two pressures 
which act in the two different parts pf the fluid ex- 
actly balance each other; they are the action and the 
reaction ; and must hence be equal by tl\e same neces- 
sity as two directly opposite forces in statics. • 

But it may be urged, that even if we grant that this 
conception of a pei^ect fluid, as a lK>dy which has its 
parts perfectly moveable among each ''other, leads us 
necessarily to the principle of the equality of hydro- 
static pressure in all directions, .still tliis conception 
itself is obtained fi*om experience, or suggested by 
observation. And to this we may reply, tliat the con- 
ception of a flnid, as contemplated ' in mechanical 
theory, cannot be said' to be derived from experience, 
except in the some manner as the conception of a solid 
and rigid body may be said to be acquired by experi- 
ence. For if we imagine a vessel full of small, smooth 
spherical balls, such a collection of balls would ap- 
proach to the nature of a fluid, in having its parts 
moveable among each other; and would approach to 
perfect fluidity, as the balls became smoother and 
smaller. And such a collection of balls wquld also 
possess the statical properties of a fluid ; for it would 
transmit pressure out of a .vertical into a lateral (or 
any other) direction, in the same manner as a fluid 
would do. And thus a collection of solid bodies has 
the same proj^erty which a fluid has; and the science 
of Hydrostatics borrows from experience no principles 
beyond those which are involved in the science of 
Statics respecting solids. And since in this latter por- 
tion of science, as we have already seen, none of the 
principles depend for their evidence upon any sped^ 
experience the doctrines of Hydi'ostatics also are not 
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proved by experience, but have a necessary truth bor- 
rowed from the relatioiis* of our ideas. 

It is hardly to be expected that the al)Ove reasofdng 
will, at first sight, produce conviction in the mind of 
the reader, except he have, to a certain extent, ac- 
quainted himself with the elementary doctrines of the 
science of Hydrostatics as usually delivered; and have 
followed, with clear and steady apprehension, some of 
the trains of reasoning by which the pressures of . fluids 
are determined;; as, for instance, the explanation of 
what is cafied tha Hy dr Paradox. The necessity 
of such a discjlplinc in order that the reader may enter 
fully ii^to this part of our speculations, naturally ren- 
ders •them less popular; but this ^disadvantage is in- 
evitable ill our plan. We cannot expect to throw light 
upon philosophy by means of the advances which have 
been made in the mathematical and physical sciences, 
except we really understand the doctrines which have 
been firmly established in those sciences. This prepa- 
ration for philosophizing may be somewhat laborious ; 
but such labouf is necossaiy if we woiUd pursue specu- 
lative truth with all the advanjages which the present 
condition of human kno.wjedge places within our reach. 

We may add, that the consequences to which we 
are directed by the preceding opinions, ai’e of very 
great importance in their bearing upon our general 
views respecting human knowledge., I trust to be 
able to show, that some impoi'tant distinctions ai*e 
illustrated, some perplexing paradoxes solved, and some 
large aq^iicijiations of the future extension of our 
knowledge suggested, by means of the conclusions to 
which the preceding discussions have conducted us. 
But before 1 proceed to these general topics, I must 
consider the foimdations of some of the remaining 
portions of the science of Mechanics. ^ *• 



CHAPTER VIL 


Op the Estabushment of thk Principles of 
Dynamics. • * 


9 9 

I. TN the History of Meclmnics, I h^ve traced the 

A steps by which tl^c three Laws of Motion and 
the other principles of mechanic^ were discovered, 
established, and extended to the widest generality of 
form and application. We have, in these law8, exam- 
ples of j^rinciples which were, historically speaking, 
obtained by reference to exi)erience. Bearing in mind 
the object and the result of the preceding discussions, 
we cannot but turn with much interest to examine 
these portions of science; to inquire A^hethcr there be 
any real difference in the grounds and^ nature between 
the knowledge thus obtained, rfiiid those truths which 
wo have ali’eady contemplated ; and which, as we have 
seen, contain their ovfn evidence, and do not require 
proof from experiment. 

2 . The First Law of MoHon , — The first law of 
motion is, that When a body moves not acted upon by 
any force, it mil go on perpetually in a straight line, 
a/nd with a imiform vedoeity. Now what the real 
ground of our assent to this pi'oposition 1 That it is 
not at first sight a self-evident truth, appears to be 
clear ; since from the time of Aristotle to that of Gali- 
leo the opposite assertion was lield to be true; and it 
was "believed, that all bodies in motion had, by their 
own nature, a constant tendency to move more and 
more slowly, so as to stop at last. This belief, indeed, 
is probably even now entertained by most persons, till 
their attention is fixed upon the argument^ by which 
the first law of motion is established. It is, howbver, 
not difficult to lead any person of a speculative habit 
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of thought to see that the retardation ^hich constantly 
takes place in thef motion of all bodies when left to 
themselves, is, in reality, «the effect of extraneous for^ 
which destroy the velocity. A top ceases to spin 
because the faction against the ground and the resist- 
ance of the air gradually diminish its motion, and not 
because its motion has any internal principle of decay 
or fatigue. This may be shown, and was, in fact, shown 
by Hooke before the Royal Society, at the time when 
the laws of motion were' still under discussion, by 
^ means of experiments in w^&ic^ the weight of the top 
is increased, a^^d the resistance to motion offered by 
its support, is ^minished ; fo:!;* by such contrivances its 
motion is made to continue mucli longer than it would 
otherwise do. And by experiments of this nature, 
although we can'never remove the whole of the exter- 
nal impedimenta to continued motion, and although, 
consequently, there will always be some ratardation ; 
and an end of the motion of a body left to itself, how- 
ever long it may be delayed, must at last come; yet 
we can establish a conviction that if all resistonce 
could be remov^, there would be no diminution of 
velocity, and thus the motion would go on for ever, 

^ If we call to mind the axioms which we formerly 
stated, as containing the most' important conditions 
involved in the idea of Cause, it will be seen that our 
conviction in this case depends upon the first axiom of 
Causation, that nothing can happen without a cause. 
Every change in the velocity of the moving body must 
have a capse; and if the change can, in any manner, 
be rrferr^ to the presence of other bodies, these are 
said to exert upon the moving body: and the 
conception of force is thus evolved fi^m the general 
idea of cause. Farce ia any cause which Aos motion^ 
or chomge^ of motimi^ far its effect; and .thus, all the 
change of velocity of a body wliich can bo inferred to 
extraneous bodies, — as the air which surrounds it^ or 
the support on which it rests, — ^is considered as the 
effect of forces ; and this condderation is looked upon 
as ei^plaining the difference between the motion which 
re^y takes places in the experiment aild that motion 
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which, as the law asserts, would take place if the 
body were not acted on by any forces. , 

• Thus the truth of the firsif law of motion depends 
upon the axiom that no change can take place without 
a cause; and follows from the definition of force, if 
we suppose that there can be none but an exterTwl 
cause of change. But in order to establish the law, 
it was necessary fiirther to be assured that tker^ is no 
vnJtemcd cause of change of velocity belonging to all 
matter whatever, and opening in si|ph a manner that 
the mere progress of is sufiicient to produce a 
diminution of velocity in all moving bodies. It appears 
from the history of mecl^^cal science, that this latter 
step required a r5erence to obsen^ation and eaeperi- 
ment ; and that the first law *of motion is so far, 
historically at least, dependent upon dUr expenence. 

But ni>twithstanding this historical evidence of the 
need which we have of a reference to observed facts, 
in order to place this first law of motion out of doubt, 
it has been maintained by very' eminent mathemati- 
cians and philosophers, that the law is,^n truth, evident 
of itself, and does not, really rest ugpn esq)cri mental 
proof. Such, for example, is the opinion of d’Alembert ^ 
who offers what is called an h priori proof of this^ 
law; that is, a demonstration derived from our ideas 
alona When a body is put in motion, either, he says, 
the cause which puts it in motion at first, suffices to 
make it move one foot, or the continued action of the 
cause during this foot is requisite for the motion. In 
the first case, the same Veason which made., the body 
proceed to the end of the first foot will hold for its 
going on through second, a third, a fourth foot, and 
so on for any number. In the second case, the same 
reason which made the force continue to act during 
the first foot|p will hold for its acting, and therefore for 
the body moving during each succeeding foot. And 
thus^the body, once beginning to move, must go on 
moving for ever. • 


Dynfmiqve. 
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It is obvious that we might reply to this argument, 
that the reasons for th^ body proceeding during each 
succeeding foot may not necessaiily be all the saiiie; 
for among these reasons may be the time which has 
elapsed ; and thus the velocity may undergo a change 
as the time pix)ceeds : and we require observation to 
inform us that it does not do so. 

PivfeKsor Playfair has i)resented nearly the same 
argument, although in a different and more mathemar 
tical foim*. If ^ the velocitpr change, says he, it must 
change according to some ' expression of calculation 
depending upqn the time, or, in mathematical language, 
must a function of the tii^ie. If the velocity dimi- 
nish as the time increases, this nfay be expressed by 
stating the velocity ih each case as a certain number, 
from ^hich another quantity,. or increasing as 

the time increases, is subtracted. But, Pla^^air ^ds, 
there is no condition involved in the nature of the 
case, by which the coeffid&rda^ or numbers which are 
to be employed, along with the number representing 
the time, in 6alculating this second tenn, can be 
determined to be of one magnitude rather than of any 
other. Therefore he infers there can be no such 
coefficients, and that the velocity is in each case equal 
to some constant number, independent of the time; 
and is therefore the same for all times. 

In reply to this we may observe, that the circum- 
stance of our not seeing in the nature of the case any- 
thing wliicli determines for us the coefficients above 
spoken pf, cannot prove that they have not some 
cei'tain value in nature. We do not see in the nature 
of the case anytliing which should determine a body 
to fall sixteen feet in a second of time, rather than one 
loot or one hundred feet : yet in fact the space thus 
run through by ffilling bodies is detenni^ed to u cer- 
tain magnitude. It would be easy to assign a mathe- 
matical expression for the velocity of a body, implying 
that one-hundredth of the^ velocity, or any other frac- 
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tion, is lost in each se8)nd® :• and where is the absurdity 
of supposing such an expression* really to represent the 
veldbity? • 

Most modem ‘writers on mechanics Imve embraced 
the opposite opinion, and have ascribed our know- 
ledge of this first law of motion to experience. Thus 
M. Poisson, one of the most eminent of the mathema^ 
ticians who have written on this subject, sayslj ‘•We 
cannot affirm d priori that the velocity communicated 
to a body will not becyjme sfcwer ancijslower of itself, 
and end by being entirely exjiinguishei It is only by 
experience and induction that this qu^tion can be 
decided.” ^ ’ 

Yet it cannot be'^denic^ that tlijre is much force 
in those alignments by which it Is attempted to show 
that the First Law of Motion, such aS we hnd it, is 
more cons»pnant to our conceptions than any other 
would be. The Law, as it exists .i& the most simple 
that wo can conceive. Instead of having to determine 
by experiments what is the law of the natural change 
of velocity, we find the Law to be that it does not 
change at all. To a certain extent, the Law depends 
upon the evident axiom* that now change can take place 
without a cause. But the (question fui*ther occurs, 
whether the mere laps5 of time may not be a cause 
of change of velocity. In order to ensure this, we 
have recourse to experiment; and the result is that 
time alone does not produce any such change. In 
addition to the conditions of change which we collect 
from our own Ideas, we asfc of Experience whi;^t other 
conditions and circumstances she has to offer ; and the 
answer is, that she can point out none. When we have 
removed the alterations which external causes, in our 
very conception of them, occasion, there arc no longer 
any alteration^ Instead of having to guide ourselves 


^ This w>uld be the case, if, t being the number of seconds elapsed, and 0 
some constant quantity, the velocity \ 7 efb expressed by this mathematical 
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by experience, we learn that this subject she has 
nothing to tell us. Instead of having to take into 
account a number of tcircumstahces, we find that we 
have only to reject all circumstances. The velocity of 
a body remains unaltered by time alo^e, of whatever 
kind the body itself be. 

But the doctrine that time alone is not a cause of 
chafigetof velocity in any body is further recommended 
to us by tliis consideration — ^that time is conceived by 
us not as a c^use, but ^ly as a condition of other 
causes produciKg their ^etfejjts. Causes operate in 
time I but it, is only when the cause exists, that the 
lapse 'of time can give ijse to alterations. When 
therefore all extenial causes of change of velocity are 
supposed ,to be remWed, the velocity must continue 
idcntiSal wit]i*^kaelf, whatever the time which elapses. 
An eternity of negation can produce no positive re- 
sult. 

Tlius, though the discovery of the First Law of 
Motion was made, historically speaking, by means of 
experiment, vf^e have now attained a point of view in 
winch wtf see that it might have been ceitainly known 
to be tme independoivtly of experience. This law in 
its ultimate form, when completely simplified and 
steadily contemplated, assmrtes the character of a 
self-evident truth. We sliall find the same process 
to take place in other instances. And this feature 
in the progres5a of science will hereafter be found to 
suggest very inipoi-tant views with regtird both to the 
natute/ind prospects of i»u#knowlcdgo. 

3. Gravity is a Uniform Force, — We shall find 
observations of the same kind oftering themselves in 
a* manner more or less obvious, with regaid to the 
other principles of Dynamics. The detemination of 
the laws according to wliich bodies fall,, downwards by 
the common action of gravity, has already been noticed 
in the History of Mechanics®, as one of tlie earliest 
positive advances in tli? doctrine of motion.^ These 
laws we^e first riglitly stated by Galileo, and esta- 

• I 
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blished by reasoning* and by expeiiment, not without 
dissent and controversy. Th<? amount of these doc- 
tviifes is this : That gravity i» a uniform accelerating 
force; such a uniform force having this for its cha« 
racter, that it makes the velocity increotse in exact pro- 
portion to the time of motion. The relation which the 
spaces desci’ibed by the body bear to^the times in which 
they are described^ is obtained by mathematical djeduc- 
tion from this definition of the force. 

The fclear Dcfiniijion 65 a unifgim accelerating 
force, and the Prop(^sition fliiat gravity is siAh a force, 
were co-ordinate and contemporary stejjs in this dis- 
covery. In defining accelerating force, refci enoe, tacit ^ 
or express, was necJ^sarily made to the second of the 
general axioms respecting causation, — That causes are 
measured by their effects. Force, i» the casibs now 
under o\y notice, is conceived to be, as we have 
already stated, (p. 236,) any cause which, actingifrom 
without, changes the motion of a lx>dy. It must, 
therefore, in this acceptation, be measured by the 
magnitude of the changes which are f>roduced. But 
in what manner the changes of motion •are to be 
employed as tho ineafeures force, is learnt from 
observation of the facts which we see taking place in 
the world. Experienctf interprets the axiom of causa- 
tion, from which otherwise we could not deduce any 
real knowledge. We may assume, in virtue of our 
general conceptions of force, that under tho Siimc 
circumstances, a greater change of motion implies 
u greater force producing it; but what are ^ we to 
expect when the cii’cumstanccs cliangcl The, weight 
of a body makes it fall from rest at first, ana causes 
it to move more quickly as it descends lower. We 
may express this by saying, that gi*avity, the universal 
force which n^kes all terrestrial bodies fall when not 
supported, by its continuous action first gives velocity to 
the body when it has none, and aftei’wards adds velocity 
to tha? which the body already has. But how is the 
velocity added proportioned to the^veloq^ty which 
already exists? Force acting on a body at rest, tod 
on a body in motion, appears xmder very different 
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conditions ; — how dSre the effects related? Let the force 
be conceived to be in b&th cases the same, since force 
is conceived to depend lipon the extraneous bodies, ^lnd 
not upon the condition of the moving mass itself. 
But the force being the same, the effects may still be 
different It is at first sight conceivable that the 
body, acted upon by the same gravity, may receive 
a less addition of velocity when it is already moving 
in tlie direction in which this gravity impels it; for if 
we ourselves pii^sh a body forwards, we can. produce 
little additional effect upon it when it is already 
moving rapidly away from us. May it not be true, 
in likeF manner, that although gravity be always the 
same,force, its effect depends upoii the velocity which 
the body under its influence already possesses? 

Observation and reasoning combined, as wo liave 
said, enabled Gtdileo to answer these questions. He 
asserAd and proved that we may consistently and 
properly measure a force by the velocity which is by 
it generated in a body, in some certmn time, as one 
second; and fuHher, that if wo adopt this measure, 
gravity wSl be a force of the same value under iiU 
circuipstances of the body which it affects; since it 
appeared that, in fact, a falling body does receive 
equal increments of velocity iii equal times from first 
to last. 

If it be asked whether wo could have known, an- 
terior to, or independent of, experiment, that gravity 
is a uniform force in the sense £hus imposed upon the 
term; appears clear that we must reply, that we 
could not liave attained to such knowledge, since other 
laws of the motion of l)odies downwards are easily 
conceivable, and nothing but observation could inform 
us that one of these laws do(js not prevail in fact. 
Indeed, we may add, that the assertion that the** force 
of gravity is uniform, is so far from being self-evident, 
that it is not even true ; for gravity vaiies according 
to the distance from thes center of the earth^; and 
although this variation is so small as to be, in the 
c^* of falling bodies, imperceptible, it negatives the 
rigorous uniformity of the force as completely, though 
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not to the same extent, as if the weight of a body 
diminished in a marked degree, when it was carried 
from the lower to the tipper rdbm of a house. It can- 
not, then, be a truth independent of experience, that 
gi*avity is uniform. 

Yet, iu fact, the assertion tliat gravity is uniform 
was assented to, not only before it was proved, but 
even before it was clearly understood. It was rfiadily 
granted by all, that bodies which fall freely are wni- 
formly accelerated; but ii^ltile somojield |he opinion 
just stated, that unifonj^y acccleratcsl motion is that 
in which the velocity increases in proportion to the 
tirmy others main^ined,» that that is uniformly ac- 
celerated motion, in which the velocity increases in 
pro})ortiou to the space; so thal, for example, a body 
in falling vertically through twenty fe(?fc should acquire 
twice as^‘e^t a velocity as one wliich falls through 
ten feet. 

Tliese two opinions are both put forward by the 
interlocut<irs of Galileo’s Dialogue on this subject". 

I And the latter supposition is rejected, the author 
showing, not that it is inconsistent jv^ith Experience, 
but that it is impossibfe in itself : inasmuch as it would 
inevitably lead to the comdusion, that the fall tlirough 
a large and a small vei'tical space would occupy exactly 
the same time. 

Indeed, Galileo assumes his definition of uniformly 
accelerated motion as one which is sufficiently recom- 
mended by its own simplicity. ‘If we attend care- 
fully,’ he says, ‘ we sliall find that no mode o^ncreastj 
of velocity is more simple than that which adds equal 
increments in equal times. Which we may. easily 
understand if we consider the close affinity of time 
and motion : for as the uniformity of motion is defined 
by thb equality of spaces described in equal times, so 
we may conceive the unifonnity of acceleration to 
exist jriien equal velocities are added in equal times.’ 

Galileo’s mode of supporting his opinion, that bodies 
falling by the aefSiou -of gravity are thus* uniformly 
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accelerated, consists, in tlie first place, in adducing 
the inaxim that nature always employs the most 
simple means ^ But hS is far from considering this «a 
decisive argument. ‘I,* says one of his speakers, 

‘ as it would bo very unreasonable «n me to gainsay 
this or any other definition which any author may 
please to make, since they are all arbitiary, may still, 
with6ut®olfence, doubt whether such a definition, con- 
ceived and admitted in the abstract, fits, agi*ees, and 
is verified jn that kind accelerated motion which 
bodies have wheA they desceiH^ naturally.’ 

The oxperiEiiental proof that bodies, when they fall 
downVards, are uniformly a^^celer^^, is (by Galileo) 
derived from the iv dined plane; and therefore assumes 
the pre^position, that if such uniform acceleration pre- 
vail in vertical motion, it will also hold when a body 
is compelled to describe- an oblique rectilinear path. 
This proposition may be shown to be true, if (assuming 
by anticipation the Third Law of Motion, of which 
we shall shoitly have to speak,) we introduce the oon- 
ception of a unifoim statical force as the cause of< 
uniform acceleration. For the foi*ce on the inclined 
plane bears a constant propoHion to the vertical force, 
and this proportion is known from statical considera- 
tions. But in the work of which* we arc speaking, Galileo 
docs not inti’oduce this abstract conception of force as 
the foundation of his doctrines. Instead of this, he 
proposes, as a postulate sufiiciently evident to be made 
the basis of his reasonings, That bodies which descend 
down iRtlined planes of different inclinations, but of 
the same vertical height, all acquire the same velocity”. 
But when this postulate lias been propounded by one 
of the persons of tlic dialogue, another interlocutor 
says, ‘You discourse veiy probably; but besides fhis 
likelihood, I wish to augment tlie prolxability tfo far, 
that it shall, be almost as complete as a necessary 
demonstration.’ He then proceeds to describe very 
ingenious and simple experiment, which shows that 
whqn a body is m^e to swing upwards at the end of 
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a string, it attains to the same height, whatever is the 
path it follows, so long as it* starts from the lowest 
poiht with the same velocity. And thus Galileo’s 
postulate is experimentally confirmed, so far as tlie 
force of gravity can be t^en os an example of the 
forces which the postulate contemplates: and con- 
versely, gravity is proved to be a uniform force, so far 
as it can be considered clear that the poatulat# isT true 
of uniform forces. 

When we have introdu^(^ the coi^epti^n and defi- 
nition of accelerating ^rce# Galileo’s postulate, that 
bodir^s descending down inclined jdanqp of the same 
vertical height, aeguire tho same velocity, mJiy, by 
a few steps of reasoning, be demonstrated to b^ true 
i}£ uniform forces: and thus the proof that gravity, 
cither in vertical or oblique motioif, is a uniform 
force, is gconfirmed by the experiment above men- 
tioned; iis it also is, on like grounds, by many other 
experiments, made upon inclined planes and pendu- 
lums. 

Thus the propriety of Galileo’s conception of a uni- 
form force, and the doctrine that gravity i#a uniform 
force, were confirmed iJy the «ame reasonings and ex- 
periments. We may make here two remarks; First y 
that the conception, -Rrhen established and rightly 
stated, appears so simple as hardly to require ^xperi- 
mcmtal proof ; a remark which we have ah’cady made 
with regard to the First Iaw of Motion : and Secondy 
that the discovtjry of the real law of nature was made 
by assuming propositions which, without fui-tltfir proo^ 
wo should consider as very precarious, ^d as far less 
obvious, as well as less evident, than the law of nature 
in its simple form. 

4. The Second Law of Motion, — ^When a body, in- 
stead t)f falling downwards from rest, is thrown in any 
direction, it describes a curve line, till its motion is 
stopped. In this, and in all other cases in which a 
body describes a cuiwed patb in free space, its motion 
is determined by the Second Law. of Motion* The law, 
in its geqeral form, is as follows : — ^When a body is 
thus cast forth and acted upon by a force in a diction 
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transverse to its motion, the result is, That there ie 
combined with the motion vdth which the body is thrown^ 
emother motion^ exactly the same as that which * the 
same force would have communicated to a body cU rest. 

It will readily be understood that the basis of this 
law is the axiom already stated, that effects are mear 
sured by their causes. In virtue of this axiom, the 
effect* of' gravity acting upon a body in a direction 
transverse to its motion, must measure the accelerative 
or deflective foi'oa of gravif^ under those circumstances. 
If this effect vary with the v^l^yiIlg velocity and direc- 
tion of the body thus acted upon, the deflective force 
of gra'Hty also will vary with those circumstances. 
The •more simple , supposition is, that the deflective 
force of gravity is the same, whatever be the velocity 
and direction of the body which is subjected to its in- 
fluence : and this is the supposition which we find to 
be verified by facts. For example, a ball let fall from 
the top of a ship’s upright mast, when she is .miling 
steadily forwar^, will fall at the foot of the mast, just 
as if it were let fiill while the ship were at rest ; thus 
showing that the motion which gnivity gives to the 
ball is compounded with the horizontal motion which 
the ball shares with the ship from the first. This 
general and simple conception of motions as conir- 
poundM with one another, represents, it is proved, tlio 
manner in which the motion produced by gravity 
modifies any other motion which the body may previ- 
ously have had. 

The lAiscussions which terminated in the general re- 
ception of thi# Second Law of Motion among mecliani- 
cal writers, were much mixed up with the arguments 
for and against the Copornican system, which system 
represented the earth as revolving upon its axis. For 
the obvious argument against this system was, that if 
each point of the earth’s surface were thus in motion 
from west to east, a stone dropt from the tqp of a 
tower would be left behkid, the tower moving away 
from it: and the answer was, that by this law of 
motion, the stone would have the earth’s ipotion' im- 
pressed upon it, as well as that motion which would 
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arise from its gravity to tho earth ; and that the motion 
of the stone relative to the tbwer would thus be the 
saifte as if both earth and towcfr were at rest. Galileo 
further urged, as a presumption in favour of the opinion 
that the two motions, — the circular motion arising 
from the rotation of the earth, and the downward 
motion arising from the gravity of the stone, would be 
compounded in tlie way we have described, (rfeitlier of 
them disturbing or diminishing the other,)— that the 
fii-st motion was in its o^Ii nature <iot lig.ble to any 
change or diminution®, gs w^ Icam frem the First Law 
of Motion. Nor was the subject lightly dismissed. 
The experiment of the gtone let fall from thfe top of 
the mast was made in various fonp^ by Gassendh; and 
in his Epistle, Be Motu impresso a Motore tramloAo^ 
tho rule now in question is supjwrted by reference to 
these exjicjriinents. In this manner, the general truth, 
the Second Law of Motion, was established completely 
and beyond dispute. 

But when this law had been proved to be true in a 
general sense, with such accuracy as rude experiments, 
like those of Galileo and Gassen^, woyld admit, it still 
remained to be ascertained (supposing our knowledge 
of the law to be the result of experience alone,) whether 
it were true with that precise and rigorous exactness 
which more refined modes of experimenting coiild test. 
Wc so willingly believe in the simplicity of laws of 
nature, that the rigorous accuracy of such a law, known 
to be at least ajiproximately true, was taken for 
granted, till some groimd for suspecting they^ntrary 
should appear. Yet calculations have|piot been want- 
ing which might confirm the law as true to the last 
degree of accuracy. Laplace relates du Monde^ 
livre iv. chap. 16,) that at one time he had conceived 
it pc^ible tl^t the effect of gravity upon the moon 
might be slightly modified by tho moon’s direction and 
velocj^y; and that in this way an explanation might 
be found for the moon’s cKceleratim (a deviation of 
her observed from her calculated place, which ^long 
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perplexed mathematicians). But it was afber some time 
discovered that this feature in the moon’s motion arose 
fifom another cause ; and the second law of motion was 
eonhrmed as true in the most rigorous sense. 

Thus we see that although thero were arguments 
which might be urged in favour of this law, foimded 
upon the necessary relations of ideas, men became con- 
vinced 6f its truth only when it was verified and con- 
firmed by actual experiment. But yet in this case 
again, as ip thcc former o^es, when the law had been 
established beyond doubt or question, men were very 
ready to belicMe that it was not a mere result of obser- 
vation,— that the truth which it contained was not 
derived from exp^ience, — ^that it might have been 
assumed as true in virtue of reasonings anterior to 
experience, — and that experiments served only to make 
the law more plain and intelligible, as visiblecdiagrams 
in geometry serve to illustrate geometrical truths ; our 
knowledge not being (they deemed) in mechanics, any 
more than in g^metry, borrowed from tlie senses. It 
was thought by many to be self-evident, that the effect 
of a force* in a^y direction cannot be increased or 
diminished by any motk)iL transverse to the direction 
of the force which the body may have at the same 
time : or, to express it rftherwisc, that if the motion of 
the body be compounded of a horizontal and vertical 
motion, the vertical motion alone will be affected by 
the vertical force, Tlds principle, indeed, not only 
has appeared evident t<; many persons, but even at the 
presentvd^y assumed as an axiom by many of the 
most eminent ipathematicians. It is, for example, so 
employed in the Mecaniqm Celeste of Laplace, which 
may be looked upon as the standard of mathematical 
mechanics in our time; and in the Mecanique Ancdy- 
tiqm of Lagrange, the most consummate example Which 
h^ appeared of subtilty of thought on such subjects, as 
well as of power of mathematical generalization ‘“5, And 

l^may obs^e that the rate that of rtsolving them; which Is done in 
wen may eonvpowid motions, as the the passage to wlilch I refer, 

Law supple, b involved in the step AwOffL ptie. L sect. L art 3. p. sasl 
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thus we have here another example of ^ that circum- 
stance which we have already •noticed in speaking of 
the*First Law of Motion, (Art? 2 of this chapter,) and 
of the Law that Gravity is a uniform Force, (Art. 3) ; 
namely, that the law, though historically established 
by experiments, appears, when once discovered and 
reduced to its most simple and general form, to be 
self-evident. I am the more desirous of drawing atten- 
tion to this feature in various portions of the history of 
science, inasmuch as it wiU*be founds to lead to some 
very extensive and imj^ort^nt vicwsf here^ter to be 
considered. • ^ 

t;. Tlve Third Law 0^ Motion , — ^Wo have,»in the 
definition of Accelerating Force, a jneasure of Forces, 
so far as they are concerned in producing motion. 
We had before, in s{>eaking of the priilciplcs of statics, 
defined the measure of Forces or Pressures, so far as 
they are employed in producing equilibrium. But 
these two aspects of Force are closely connected ; and 
we require a law which shall lay down the lule of 
their connexion. By the same kind of muscular exer- 
tion by which wo can support a hea\y stone, we can 
also put it in motion. The question then occurs, how 
is tlie rate and manner of its motion determined? The 
answer to this question*is conAined in the Tliird Law 


'Si on confoit qne le mouvement 
d'un corps et Ics forces qui le sollid' 
tent soient decompose suivant trois 
llfOies droites pcrpendiculaires entre 
eUes, on pourra consid^rer s^pard- 
meiit les mouvemens et lea forces 
relatives & chacun de oes trois di< 
rections. Car k cause de la perpen- 
dicularitd des dire^lons 11 est visible 
que chacun de ces mouvemens par- 
tlels pent etro regardd comme In- 
d(ipenddht dcs doux autres, et qu’ll 
ne peut recevoir d'alt^ration que de 
la port de la force qui ogit dons la 
direction dc^ ce mouvement; I’on 
peut oondure que ces trois mouve- 


mens dolvent suivre, chacun en par- 
ticulicr, les lots des mouvemens rec- 
tiligncs accblCrSs ou retaTd6s par les 
forces donndes.’ I«'ip]acatftnake*i the 
some ossumptioa in effect, {Mdc. Cdl. 
p. L liv. 1 . Art, 7), by resolving the 
forces which act upon a point in 
three rectangular directions, and rea- 
soning separately concerning each 
direction. But in bis mode of treat- 
ing the subject is involved a prin- 
dple which belongs to‘tho Third 
^[!<aw of Motion, namely, the doc- 
trine nhat the velocity is as tlie 
force,'of which we shall have tb spgak 
elsewhere. 
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of Motion, and it is to tins effect : that the 
which any pressure pi^uces in the mass in a given 
time is proportional to^ the pressure. By Monmdtwfn, 
is meant the product of the numbers which express 
the velocity and the mass of the body ; and hence, if 
the mass of the body be the same in the instances 
which we compare, the rule is, — That ih^ velocity is as 
tAe foTst which produces it; and this is one of the 
simplest ways of expressing the Third Law of Motion. 

In agreemeni^ with 0111? general plan, we have to 
ask, Wliatf is thi? ground ^of ^lis rule? What is the 
simplest and jnost satisfactory form to which we can 
reduca the proof of iti Or, to take an instance; if 
a double pressure be exerted against a given mass, so 
disposed as to be capable of motion, why must it 
product; twice the velocity in the same timel 

To answer this question, suppose the doubliii pressure 
to be resolved into two single pressures : one of these 
will produce a certain velocity; and the (question is, 
why an equal pressure, acting upon the same mass, 
will produce dn equal velocity m addition to the 
fonner? Or, stating the matter otherwise, the ques- 
tion is, why each of tjie two ‘forces will produce its 
separate effect, unaltered by the simultaneous action 
of tlie other force? • • 

Tliis statement of the case makes it seem to approach 
very near to such cases as are included in the Second 
Law of Motion, and therefore it might ajipeor that 
this Third Law has no grounds distinct from the 
Second^ But it must be recollected that the word 
force has a di^ereiit meaning in this case and in that ; 
in this phfcc it signifies pressure; in the statement of 
the Second Law its import was accelerative or deflective 
foTCCy measiu’ed by the velocity or deflexion generated. 
And thus the Third Law of Motion, far as our 
reasonings ybt go, appears to rest on a foundation 
differei^t from the Second. 

Accordingly, that part of the Third Law of Motion 
which we jre now copsidering, that the velocity gene- 
rated is as the force, was obtained, in &ct, by a separate 
tmn of research. The first exemplification of this 
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law which was studied by mathematicians, was the 
motion of bodies upon inclined planes : for the force* 
whfeh urges a body down an iAclined plane is known 
by statics, and hence the Telocity of its descent was to 
bo determined. Galileo originally in his attempts to 
solve this problem of the descent of a bo^y down an 
inclined plane, did not proceed from the principle 
which we have stated, (the determination of thetforce 
which acts down the inclined plane from statical con- 
siderations,) obvious as it may seem ^ but assumed, as 
we have already seen„a proposition apparently far 
more precarious ; — ^namely, that a bfxl}^ sliding down 
a smooth inclined plamj acquires always the same 
velocity, so long as*the vertical hc^ht fallen through 
is the same. And this conjecture (for at first it was 
nothing more than a conjecture) ho Confirmed by an 
ingeniousb experimci\t ; in wliich bodies . acejuired or 
lost the same velocity by descending or ascending 
through tlie same heiglit, although their paths were 
diflerent in other respects. 

This was the foim in which the •doctrine of the 
motion of bodies down inclined plapes was at first 
presented in Galileo’s Dlalogties on the Science of 
Motion. But his disciple Viviani was dissatisfied with 
the assumption thus *introddced; and in succeeding 
editions of the Dialogues^ the apparent chasm in the 
reasoning was much narrowed, by making the proof 
doi)end upon a princi[)le nearly identical with the third 
law of motion as we have just stated it. In the proof 
thus added, ‘We are agreed,’ says the interlocutor^*, 
‘ that in a moving body the impetus, energy, momen- 
tum, or propension to motion, is as greax as is the 
force or least resistance* which suffices to sustain it;’ 
and the impetus or momentum, in the course of the 
proofj being t^^ken to be as the velocity produced in 
a given time, it is manifest that the principle so statetl 
amoupts to this ; that the velocity produced is as the 
statical force. And thus this law of motion appears, 

n J>iat. 44 iUaSc,mwv.iiLp.^ See JSTwMnd. Sci. b. vl. c. ii. 9ect 
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in the Bchool of Galileo, to have been suggested and 
•established at first by experiment, but afterwards con- 
firmed and demonstrated by d priori considerations. *. 

We see, in the above reasoning, a ntimbor of abstract 
terms introduced which are not, at first at least, very 
distinctly defined, as impettbs, rnomerUum, Sue, Of 
these, r/wnientum has been selected, to express that 
quantity which, in a moving body, measures the stati- 
cal force impressed upon the body. This quantity is, 
as we have just seen, proportion^ to the velocity in 
a given bdfiy. )t is also^ in different bodies, propor- 
tional to the mass of the body.'* This part of the third 
law of motion follows from our conception of matter 
in general as consisting of parts 'Capable of addition. 
A double pressure Uiust be requir^ to produce the 
same velocity in a double mass; for if the mass be 
halved, each half will require an equal pressure; and 
the addition, both of the pressures and of the masses, 
will take place 'without disturbing the cflects. 

The mejisure of the quantity of matter of a body 
considered as affecting the velocity which pressure 
produces ip the body, is termed its inertia^ as we have 
already stated (c. v.) .Inertia is the property by 
which a large mass of matter requires a greater force 
than a small mass, to give it'^an equal velocity. It 
belongs to each portion of matter; and portions of 
inertia are added whenever jKjrtions of nnitter are 
added. Hence inertia is as the (pmnlity of maiter; 
which is only another way of expressing this third 
law of jnotion, so far as quantity of matter is con- 
cerned. 

But bo's!- do we know the quantity of matter of 
a bo^ly? We may reply, that we take the weight as 
the measure of the quantity of matter: but we may 
then be again asked, how it appears that, the weight is 
proportional to the inertia ; which it must be, in order 
that the quantity of matter may be proportional to 
both one and the other. We answer, that this appears 
to be true experimentally, because all bodies fall with 
eqmd velocities by gravity, when the known causes of 
dmcrence are removed. The observations of falling 
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bodies, indeed, are not susceptible of much exactness : 
but experiinents leading to the|samc result, and capar 
ble of great precision, were made upon pendulums by 
Newton; as he relates in his Frincipuif Book ui. 
prop. 6. They all agreed, he says, with perfect accu- 
racy : and thus the weight and the inertia are propor- 
tional in all cases, and therefore each proportional to 
the quantity of matter as measured by the othir/ 

The conception of inertia, as we have already seen 
in chaptc# v., invol'vies th^* notion oi action and re- 
action ; and thus the law# which involf e inci*tia depend 
upon the idea of mutual causation. TOie rule, that 
the velocity is as the forces dc])cnds upon the principle 
of causation, that tne effect proportional ter the 
cause; the effect being here so estimated as to J)c con- 
sistent both with the other laws of motion and with 
experimeiit. 

But here, as in other cases* the question occurs 
again ; Is experiment really requisite for the proof of 
this law? If wo look to authorities, ye shall be not 
a little embarrassed to decide. Alembert is against 
the necessity of expen mental proofs ‘Why,’ says 
he*“, ‘should we have recourse to this principle em- 
ployed, at the present day, by everybody, that the 
force is proportional l!o the velocity? ... a principle 
resting solely upon this vague and obscure axiom, that 
the effect is propoi-tional U) the cause. We shall not 
examine here,’ he adds, ‘if this principle is necessa- 
rily true ; we shall only avow that the proofs which 
have hitherto been adduced do not appear to Wi unex- 
ceptionable : nor shall we, with some geomotel's, adopt 
it as a purely contingent truth; which would be to 
ruin the certainty of mechanics, and to reduce it to 
be nothing more than an experimental science. We 
shall Content #urselves with observing,’ he proceeds, 
‘that certain or doubtful, clear or obscure, it is use- 
less in yiechanics, and consequently ought to be banished 
from the science.’ Thought D’Alembert rejects the 
third law of motion in this form, he accepts onq of 
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equivalent import, which appears to him to possess 
axiomatic certainty; ai$d this procedure is in consist- 
ence with the course '^hich he takes, of claiming for 
the science gf mechanics more than mere experimental 
truth. On the contrary, Laplace considers this third 
law as established by experiment. * Is the force,’ he 
says'^ ‘proportioned to the velocity? This,’ he re- 
plies"' ‘^w^e cannot know d priori^ seeing that we are 
in ignorance of the nature of moving force : we must 
therefore, for tlus pui*posc?,^ recur , to experieAe; for all 
which is not a necessary ,confiequence of the few data 
we have respecting the nature of things, is, for us, 
only a) result of observation.’ And again he says*®, 

‘ Here, then, wo Jiavc two laws * of motion, — ^thd law 
of inertia [the first law of motion], and the law of the 
force proportiohal to the velocity, — ^wliich are given 
by observation. They are the most natur»^l and the 
most simple laws which we can imagine, and without 
doubt they flow from the very nature of matter; but 
this nature being unknown, they are, for us, only 
observed facts : the only ones, however, which Mecha- 
nics bgrref^s frgm experience.’ 

It will appear, I think, from the views given in this 
and several othei* parts of the present work, that we 
cannot with justice say that ^e have very ‘ few data 
respecting the nature of tilings,’ in speculating con- 
coming the laws of the universe ; since all tlie conse- 
quences which flow from the relations of our funda- 
mental ideas, necessarily regulate our knowledge of 
things,*^/SO far as we have any such knowledge. Nor 
can we say that the; nature of matter is unknown to 
us, in any sense in which we can conceive knowledge 
as possible. The nature of matter is no more un- 
known than the nature of space or of number. In our 
conception <»f matter, as of space and of number, are 
involved certain relations, which are the necessary 
groundwork of our knowledge ; and anything yhich is 
independent of these relations, is not unknown, but 
inconceivable. 
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It must be already clear to the reader, from the 
phraseology employed by these two eminent mathemar 
tieiahs, that the question resp<?ctiug the formation of 
the third law of motion can only be solved by a careful 
consideration of what we mean by observation and 
experience, nature and matter. But it will probably 
be generally allowed, that, taking into account the ex- 
planations already oifered of the necessary conditions 
of experience and of the conception of inertia, this .law 
of motion, ^hat the inertia igUs tho quiuitity^of matter, 
is almost or altogether sejf-e^dent. • 

6. Action and Reaction are Eqwd in Moving 
Bodies , — ^When we have tp consider bodies as heting 
upon* one another, aiicl influencing eagh other’s motions, 
the third law of motion is stiU applied; but along 
with this, we also employ the generaf principle that 
action an<4 re^tion are equal and opposite. . Action 
and reaction are here to be understood as momentum 
produced and destroyed, according to the measiu’e of 
action established by the Third Law of Motion : and 
the cases in which this principle is lihus emplo;yod 
form so lai’ge a poi-tion of those in whi^i th(f third law 
of motion is used, that* some •’v^riters (Newton at tlie 
the head of them) have stated the equality of action 
and reaction as the third law of motion. 

The third law of motion being once established, the 
equality of action and reaction, in the sense of mo- 
mentum gained and lost, necessarily follows. Thus, if 
a weight hanging by a string over the edge of a smootli 
level table draw another weight along the tsi)lc, the 
hanging weight moves more slowly than it would do if 
not so connected, and thus loses velocity by the con- 
nexion; while the other weight gains by the connection 
all the velocity which it has, for if left to itself it would 
rest. %And thq pressures which restrain the descent of 
the first body and accelerate the motion of the second, 
ai*e eqiyil at all instants of time, for each of these pres- 
sures is the tension of the string : and hence, by the 
third law of motion, the momentiun gained by the one 
* body, and^the momentum lost by tho otlier in virlue 
of the action of this string, arg equal. And dmilar 
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reasoning may be employed in any other case where 
bodies are connected. ^ 

The case where ond body does not push or draw* 
but strikes another, appeared at first to mechanical 
reasoners to be of a different nature from the others ; 
but a littla consideration was sufficient to show that a 
blow is, in fact, only a short and violent pressure ; and 
that; therefore, the general rule of the equality of mo- 
mentum lost and gained applies to this as well as to 
the other cases. © • . 

Thus, in ordi.r to det^rmi^e the case of the direct 
action of bodjies upon one another, we requii^e no new 
law of motion. The equally of action and reaction, 
which enters ncce^rily into every conception of me- 
chanical operation, combined with the measure of action 
as given by th<i third law of motion, enables us to trace 
the consequences of every case, whether of pressure or 
of impact. 

7 . jyAlemher^s Principle , — ^But what will be the 
result when bodies do not act directly upon each other, 
but are indirectly connected in any way by levers, 
strings, ptilleySj^. or in any other manner, so that one 
part of the system h$\s«a mechanical advantage over 
another 1 The result must still be determined by the 
principle that action and reaction balance each other. 
The action and r( 3 action, being pressures in one sense, 
must balance each other by the laws of statics, for these 
laws determine the equilibrium of pressure. Now 
action and reaction, according to their measures in thr» 
Third law of Motion, are momentum gained and lost, 
when the action is dii'cct; and except the indirect 
action introduce some modification of the law, they 
muiit have the same measure still. But, in fact, wo 
cannot well conceive any modification of the law to 
take place in this case; for direct action is only one 
(the ultimate) case of indirect action. Thus if two 
heavy bodies act at different points of a lever, the 
action of each on the other is indirect ; but if the two 
points come together., the action becomes direct. Hence 
the rule must be that which we have alre^y stated ; 
for if the rule were f^se for indirect action, it would 
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also be false for direct action, for which case we have 
shown it to be true. And thi^ wo obtain the general 
jjriiiciple, that in any system^of bodies which act on 
each other, action and reaction, estimated by momen- 
tum gained and lost, balance each other according to 
the laws of equilibrium. This principle, which is so 
general as to supply a key to the solution of all pos- 
sible mechanical problems, is commonly called VI fem- 
hert's Principle. The experimental proofs which con- 
vinced men of the trpth of .the Thirjji Law of Motion 
were, many or most of thdln^ proofs ^f thcf law in this 
extended sense. And t1ius*the proof of D’Alembert’s 
Principle, both from the idea of mechanical action and 
from experience, is^incltfded in the proof of thp law 
already stated. • 

8. Connexion of Dynamical and Statical P'findples. 
— ^The principle of equilibrium of D’Alembert just 
stated, is the law which he would substitute for the 
Tliird Law of Motion ; and ho would thus remove the 
necessity for an independent proof of that law. In like 
manner, the Second Law of Motion islL)y some writers 
derived from the principle of the composition of statical 
forces; and they would thus §m>erscde the necessity of 
a reference to experiment in that case. Laplace takes 
this course, and thus, »s we have seen, rests only the 
First and Third Law of Motion upon experience. 
Newton, on the other hand, recognizes the same con- 
nexion of propositions, but for a diflerent purjjose ; for 
he derives the composition of statical forces from the 
Second Law of Motion. ^ 

The close connexion of these three principles, the 
composition of (statical) forces, the composition of (ac- 
celerating) forces with velocities, and the measuise of 
(moving) forces by velocities, cannot bo denied; yet it 
appeaj;^ to be by no means easy to supersede the neces- 
sity of independent proofs of the last two of these prin- 
ciples. Both may be proved or illustrated by experi- 
ment:* and the experiments, which prove tlie one are 
different from those which csta]plish the q|bher. For 
example, it appears by easy calculations, that whed we 
apply oxn 'principles to the oscillations of a pendulum, 
VOL. I. *8 
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the Second Low is proved by the fact, that the osdlla- 
tions take place at the same rate in an and west, 
and in a north and soulh direction : under the sasn^ 
circumstances, the Third Law is proved by our finding 
that the time of a small oscillation is proportional to 
the square .root of the length of a pendulum; and 
similar differences might be pointed out in other ex-> 
perimV}nto, as to their bearing upon the one law or 
the other. 

9 . Mechanical Principles hecQrm gradually mare 
simple and Tiwret^evident,—*!- yill again point out in 
general two circumstance which I have already 
noticed* in particular cases of the laws of motion. — 
Truths are often ^t first assume^! in a form which 
is far from being the most obvious or simple; — ^and 
truths Ance discovered ai-e gradually simplified, so as 
to assume the appearance of self-evident trutjis. 

The former circumstance is exemplified in several of 
the instances which we have had to consider. The 
assumption, that a perpetual motion is impossible, pre- 
ceded the Imowledge of the first law of motion. The 
assumed equality of the velocities acquired down two 
inclined planes of the ^ same height, was afterwards 
reduced to the third law of motion by Galileo himself. 
In the History'®, we have noted'^Huyghens’s assumption 
of the equality of the actual descent and potential 
ascent of the center of giuvity; this was afterwards 
reduced by Herman and the Bernoullis, to the statical 
equivalence of the solicitations of gravity and the 
vicarious solicitations of the effective forces which 
act on each point; and finally to the principle of 
D’Alembert, which asserts that the motions gained 
and dost balance each other. 

This early assertion of principles which now appear 
neither obvious nor self-evident, is not to^be considered 
as a groundless assumption on the part of the discover- 
ers by whom it was made. On the contrary, it is evi- 
dence of the deep sagacity jpnd clear thought which were 
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requiflito in order to make sucli discoveries. For these 
results are really rigorous consequences of the laws of 
njotton in their simplest form: and the evidence of 
them wtis probably present, though undeveloped, in 
the minds of the discoverers. Wo are told of geo- 
metrical students, who, by a peculiar aptitude of mind, 
perceived the evidence of some of the more advanced 
propositions of geometry without going throagB the 
introductory steps. We must suppose a similar apti- 
tude for mechanical reasonhi^, whiclii existing in the 
minds of Stevinus, Galileo,, Newton,® and Itluj^ghens, 
led them to make those assumptions ^hich finally 
rosolvctl themselves into t];ie laws of motion. • 

We may obseiwe^ further, that Jho simplicity* and 
evidence which the laws of mechanics have at length 
assumed, are much favoureil by the ^lsage of words 
among th^ best writei's on such subjects. Terms whicli 
originally, and before the laws of motion were fully 
known, were used in a very vague and fluctuating 
sense, were afterwards limited and rendered precise, 
so that assertions which at first appear identical propo- 
sitions become distinct and important yrinciples. Thus 
force, 7tiof'{o7i, momentum, aru terms which were em- 
ployed, though in loose manner, from the veiy 
outset of mecluinical slj^eculation. And so long as 
these words retained the vagueness of common lan- 
guage, it would have been a useless and barren tniism 
to say that ‘tlie momentum is j)n)jiorti<jiial to the 
force,* or that ‘a body loses as mucli motion as it 
communicates to another.’ But when ‘ momentum* 
and ‘quantity of motion* are defined to mean the 
product of mass and velocity, those two propositions 
immediately become distinct statements of the third 
law of motion and its consequences. In like manner, 
the assertion ihat ‘ gravity is a uniform force’ was 
assented to, before it was settled what a uniform force 
was; bjit this assertion only became significant and 
useful when that point had W,en propierly determined. 
The statement that ‘ when difleaent motions are com- 
municateil^ to the some body their efiects are conw- 
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pounded/ becomes tho second law of motion, when 
we define what compoflition of motions is. And the 
same process may be obseiwed in other cases. ” • 

And thus we see how well the form which science 
ultimately assumes is adapted to simplify knowledge. 
The defiiiitions which are adopted, and the terms 
which become current in precise senses, produce a 
comjfietc harmony between the matter and the form 
of our knowledge ; so that truths which were at first 
unexpecte<| and < recondite,^ became familiar phrases, 
and after a few* generations found, even to common 
earn, like idcnjt^ical propositions. 

10. ' Gont/rovera^y of tlie Measure of Force, — In the 
History of Mechapics'^, we have given aii account of 
the controversy wliich, for some time, occupied the 
mathematicians*^ of Europe, whether the forces of 
bodies in motion should be reckoned proportional to 
the velocity, or to the square of the velocity. We 
need not here recall the events of this tlispute; but 
we may remark, that its history, as a metaphysical 
controversy, is remarkable in this respect, that it has 
been finally aivl completely settled; for it is now 
agreed .among mathematicians that both sides were 
right, and that tlio results of mechanical action may 
be expressed with equal con-e 8 tness by means of nio- 
laentum and of vis viva. It is, in one sense, as 
D’Alembert has said^", a dispute about words; but 
we are not to infer that, on tliat account, it was 
frivolous or useless; for such disputes are one prin- 
cipal nkeans of reducing the principles of our know- 


1’ ji. VL c. V. sect. 2 . 

IB D'Alembert has also remarkod 
{Dynamiquet Pref. xxl) that this con- 
troversy ‘ shows how little justice and 
precision there is in the pretended 
axiom that causes are proportional to 
their effects.' But this reflection is 
no means weK founded. Far since 
measures are true, it appears 


that causes may hejiiatly measured by 
their effects, even whenvoiy different 
kinds of effects are taken. Jhat tho 
axiom docs not* point out one pre- 
cise measure, tUl Illustrated ex- 
perience or by other consklerations, 
we grant: but tho same thing occurs 
in the application of other axioms 
also. 
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ledge to their utmost simplicity and clearness. The 
terms which are employed in t|ie science of mechanics 
jfre now liberated for ever, in the minds of mathe- 
maticians, from that ambiguity which was the battle- 
ground in the war of the vis viva. 

But we may observe that the real reason of this 
controversy was exactly that tendency which we^have 
been noticing ; — ^the disposition of man to assume in 
liis speculations certain general propositions as true, 
and to fix the sense bf teivns so thaif they shall fall in 
with this truth. It was jj^eed, on aU &an^, that in the 
mutual action of bodies the same quanftty of force is 
always preserved ; sjid the question was, by which of 
the two measures this rule could Jbcst be verified. * We 
see, therefore, that the dispute was ^not coi^eming 
a definition merely, but concerning a definition com- 
bined with a general proposition. Such a question 
may be readily conceived to have been by no means 
unimportant; and we may remark, in passing, that 
such conti*oversics, although they are commonly after- 
wards stigmatized as quarrels about words and defi- 
nitions, are, in reality, events of considerable conse- 
quence in the history of science ; since they dissipate 
all ambiguity and vaguyness in the use of terms, and 
bring into view the conditions under which the funda- 
mental principles of our knowledge can be most clearly 
and simply presented. 

It is worth our while to pause for a moment on the 
prospect that we have thus obtained, of the advance 
of ^owledge, as exemplified in the history” of Me- 
chanics. The general transfoimation of our views 
from vague to definite, from complex to simple, from 
unexpected discoveries to self-evident truths, firom 
seeming contradictions to identical propositions, is 
very VemarlaA)le, but it is by no means peculiar to 
our subject. The same circumstances, more or less 
prominent, more or less developed, appear in the 
history of other sciences, dbcording to the point of 
advance which each has reachM. They Ibear* ijpon 
very important doctrines respecting the prospects, the 
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limits, and the very nature of our knowledge. And 
though these doctrines (require to be considered yith 
reference to the whole body of science, yet the peculidr 
manner in which they are illiLstrated by the survey of 
the histoiy of Mechanics, on which we have just been 
engaged, appears to make this a convenient place for 
inti’ojjucing them io the reader. 



CHAPTER VIIL 


Of the Paradox op ITnivbrsaii. Propositions 

OBTAINED FROM EXPERIENCE. * * 


I. TT was formerly stated* that experience cannot 
X establish any nnivg-sal or necessary trutlfS. The 
number of trials wiich we can m^c of any puopoai- 
tion is necessarily limited, and o6servation alone cannot 
give us any ground of extending the inference to 
untried %ises. Observed facts have no visible bond of 
necessary connexion, and no exercise of our senses can 
enable us to discover such connexion. We can nievep 
acquire from a mere observation of facts, the right to 
assert that a proposition is true in al! cases, and that 
it could not be otherwise than we fin4 it tePbe. - 

Yet, as we have ju^ seen*^ the history of the laws 
of motion, we may go on collecting our knowledge 
from observation, and Enlarging and simplifying it, till 
it approaches or attains to complete universality and 
seeming necessity. Whether the laws of motion, as 
we now know them, can be rigorously traced to an 
absolute necessity in the nature of things, we have not 
ventured absolutely to pronounce. But we have seen 
that some of the most acute and profound mathema- 
ticians have believed that, for these laws of motion, or 
some of them, there was such a demonstrable necessity 
compelling them to be such as they are, and no other. 
Mos# of thosp who have carefully studied the princi- 
ples of Mechanics will allow that some at least of the 
primary laws of motion approach very near to this 
chara^er of necessary truth ; and will confess that it 
would be difficult to imagine •any othes coqaistent 
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scheme of fundamental principles. And almost all 
mathematicians will alt)w to these laws an absoj^ute 
universality; so that we may apply them withoifb 
scruple or misgiving, in cases the most remote fhun 
those to which our experience has extended. What 
astronomer ^would fear to refer to the known laws of 
motion, in reasoning concealing the double stars; al- 
though ^hese objects are at an immeasurably remote 
distance feom that solar system which has been the 
only field | 0 f oilr observation hf mechanical facts? 
WJ^t^philosophdb, in speculatkig respecting a magnetic 
fluid, or a lu^finiferous ether, would hesitate to apply 
to it {he mechanical principles v^hich are applicable 
to fluids of knownr m/)chanical properties ? When wo 
assert t}iat the quantity of motion in the world cannot 
be increased qr diminished by the mutual actions of 
bodies, does not every mathematician feel Convinced 
that it would be an unphilosophical restriction to limit 
this proposition to such modes of action as we have 
tried? , 

Yet no one can doubt that, id historical fact, these 
laws were ic^ected from experience. That such is the 
case, is no matter of conjecture. We know the time, 
the persons, the circumstances, , belonging to each step 
of each discovery. I have, in tlie Histoiy, given an 
accoxuit of these discoveries; and in the previous 
chapters of the present work, I have further examined 
the nature and the import of the principles which 
were thus brought to light; 

Here, then, is an apparent contradiction. Experience, 
it would seem, has done that which we had proved 
that she cannot do. She has led men to propositions, 
universal at least, and to principles which appear to 
some persons necessary. What is the explanation of 
this contradiction, the solution of this pSri^ox? *' Is it 
true that Experience can reveal to us universal and 
necessary tni^? Does she possess some secret lurtue, 
Spme unsuspected power,* by which she can detect 
conqetion8''and consequences which we have declared 
to bo out of her sphere? Can she See more than mere 
appearances, and observe more than mere facts? Can 
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she penetrate, in some way, to the nature of things? — 
descend below the sur&ce of pl|anomena to their causes 
afuf origins, so as to be able to say what can and what 
can not be; — what occurrences are partial, and what 
universal? If this be so, we have indeed mistaken 
her character and powers; and the whole course of our 
reasoning becomes precarious and obscure. But, then, 
when we return upon our path we cannot ISntl the 
point at which we deviated, we cannot detect the false 
step in our deductiont It s|i!il seems that by experience, 
strictly so called, wc ^nnot discover necessary and 
universal truths. Our senses can give fis no evidence 
of a necessary conimxion«in phenomena. Our* obser- 
vation must be limited, and canno^ testify concerning 
anything which is beyond its limits. A general view 
of our Acuities appears to prove it tb be inf|)ossible 
that menishould do what the history of the science of 
mechanics shows that they have dpne, 

2. But in order to try to solve this Paradox, let us 
again refer to the History of Mechanics. In the cases 
belonging to that science, in which propositions of the 
most unquestionable universality, anc^ most approach- 
ing to the character of necessary truths, (as, for instance, 
the laws of motion,) have been arrived at, what is the 
source of the axiomatic Character which the propositions 
thus assume? The answer to this question w’ill, we 
may hope, throw some light on the perplexity in which 
we appear to be involved. / 

Now the answer to this inquiry is, that the laws of 
motion borrow their axiomatic character from their 
being merely interpreiationB of the Axioms of Causa- 
tion. Those axioms, being exhibitions of the Idea of 
Cause under various aspects, are of the most rigoroiCs 
universality and necessity. And so far as the laws of 
motion are esiemplifications of those axioms, these laws 
must be no less universal and necessary. How these 
axion)^ are to be understood; — in what sense caitse and 
ejffectf cbction and reMtion, are to be taken, experience 
and observation, did, in fret, teach inquisers qn this 
subject ; jind without this teaclung, the laws of mbti|pn 
could never have been distinctly known. If two forces 



266 PHILOSOPHT OP THE MECHANICAL SCIENCES. 

act together, each must produce its e^ect, by the 
axiom of causation ; and, therefore, the effects of the 
separate forces must oe cofnvpomided. But a 'xong 
course of discussion and experiment must instruct 
men of what kind this compodtion of forces is. Again; 
action and ^reaction must be equal ; but much thought 
and some ^ial were needed to show what action and 
reacbion are. Those metaphysicians who enunciated 
Laws of motion without reference to experience, pro- 
}x>unded only sudv laws as were vague and inapplicable. 
But yet these persons oq^ni^ted the indestructible 
conviction, belonging to man’s speculative nature, that 
there exist Laws of motion, that is, univci*sal formulae, 
connecting the capses and effects when motion takes 
place. Those. mecnamcians, again, who, observed facts 
involviiig equilibrium and motion, and stated some 
narrow rules, without attempting to ascend to any 
univei*sal and simple principle, obtained laws no less 
barren and useless than the metaphysicians; for they 
could not tell in what hew cases, or whether in any, 
their laws wodld be verified; — ^they needed a more 
general rule, to show them the limits of the rule they 
had discovered. They went wrong in each attempt to 
solve a new problem, because their interpretation of 
the terms of the axioms, though true, perhaps, in cer- 
tain cases, was not right in general. 

Thus Pappus erred in attempting to interpret as a 
case of the lever, the problem of supporting a weight 
upon an inclined plane; thus Aristotle erred in inter- 
preting the doctrine that the weight of bodies is the 
cause of their fall ; thus Kepler erred in interpreting 
the rule that the velocity of bodies depends upon the 
ibrc<r; thus Bernoulli* erred in interpreting the equa- 
lity of action and reaction upon a lever in motion. In 
each of these instances, true doctrines,^ already > esta- 
blished, (whether by experiment or otherwise,) were 
erroneou^y applied. And the error was correq^ed by 
further reflection, which pointed out that another mode 
of interpretation was requisite, in order that the axiom 


* J7M. Jnd Sa Ii.tL e. Y. sect 9. 
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irhich waa Appealed to in eadt caae might retain its 
force in the most general sen|e. And in the reason- 
imgS which avoided or corrected such errors, and which 
led to substantial general truths, the object of the 
speculator always was to give to the acknowledged 
maxims which the Idea of Cause suggested^ such a sig- 
nification as should be consistent with their universal 
validity. The rule was not accepted as partieular at 
the outset, and aftewai'da generalized more and more 
widely; but from the very* first, th^ universality of 
the rule was assumed, ^id* the question 'Sras, how it 
should be understood so as to be uqjiversally true. 
At every stage of sgwula^ion, the law was rega*‘ded as 
a general law. This was not an aspect which it giadu- 
ally acquired, by the accumulating contributions of 
experience, but a feature of its original an<? native 
character» WAal should happen universally, experience 
might be needed to show: but that what happened 
should happen tmiver sally , was implied in the nature 
of knowledge. The universality of the laws of motion 
was not gathered from experience, ho^v^ever much the 
laws themselves might be so. ^ • 

3. Thus we obtain *the sok^ion of our Paradox, so 
far as the case before us is concerned. The laws of 
motion bon*ow their ffirm from the Idea of Causation, 
though their matter may be given by experience : and 
hence they possess a universality which experience can- 
not give. They are certainly and universally valid; 
and the only question for observation to decide is, how 
they are to be undei-stood. They are like general 
mathematical fonnulie, wliich are known to be true, 
even while we are ignorant what are the unknown 
quantities which they involve. It must be allcwved, 
on the other hand, that so long as these formulas are 
not iAterpret6)d by a real study of nature, they are not 
only useless but prejudicial; ^ling men’s minds with 
vague^eneral terms, empty maxims, and unintelligible 
abstractions, which they mistake for knowledge. Of 
such perversion of the speculative propensifjes of man’s 
nature, tlje world has seen too much in all ages. •Y^et 
we must not, on that account, despise these forms of 
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truth, since without them, no general ^owledge is 
possible. Without general terms, and maxims, and ab- 
stractions, we canhave no science, no speculation ; haiUlj, 
indeed, consistent thought or the exercise of reason. 
The course of real knowledge is, to obtain irom thought 
and experie;nce the right interpretation of our general 
terms, the real import of our maxims, the true gene- 
ralizations which our abstractions involve. 

4. If it be asked. How Experience is able to teach 
us to inteimret g.right thc^genml terms which the 
Axioms of Gausation involye ;-|c-whence she derives the 
light which slje is to throw on these general notions ; 
the answer is obvious; — ^nan\ely, that the relations of 
causation are the ijotiditiona of Experience; — ^that the 
general notions are exemplified in the particular cases 
of whi6h she takes cognizance The events which 
take place about us, and which are the objects of our 
observation, we cannot conceive otherwise than as sub- 
ject to the laws of cause and effect. Every event must 
have a cause; — ^Every effect must be determined by 
its cause; — ^the& maxims are true of the phenomena 
which forn» the igoiaterials of our experience. It is pre- 
cisely to them, that the^a truths apply. It is in the 
world which we have before our eyes, that these pro- 
positions are universally verified; and it is therefore 
by the observation of what we see, that we must learn 
how those propositions are to be understood. Every 
fact, every experiment, is an example of these state- 
ments; and it is therefore by attention to and fa 
miliarity with facts and experiments, that we learn 
the signification of the expressions in which the state- 
ments are made; just as in any other case we learn 
the import of language by observing the manner in 
which it is applied in known cases. Experience is 
the interpreter of nature; it being undei^itood that she 
is to make her interpretation in that comprehensive 
phraseology which is the genuine language of science. 

5. We may return forion instant to the objection, 
that experience cannot give us general truths, since, 
afjiei* any number of trials confir^ng a rule, we may 
for aught we can foresee, have one which violates the 
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rule. When we have seen a thousand stones fall to the 
ground, we may see one whicli|does not fall under the 
8 an 03 apparent circumstances. How then, it is asked, 
can experience teach us that all stones, rigorously 
speaking, will fall if unsupported! And to this we 
reply, that it is not true that we can c^^nceive one 
stone to be suspended in the air, vhile a thousand 
others fall, without believing some peculiar eailse to 
suppoi-t it; and that, therefore, such a supposition 
forms no exception to the law, thatigravity is a force 
by wliich all bodies are,ui^^ downviards. * Undoubt- 
edly we can conceive a body, when dropj or tlirown, to 
move in a line quite different from other bodies : thus 
a certain missile^ u^d by the natives of Australia, and 
lately brought to this country, when thrown from the 
hand in a proper manner, describes a cUiwe, andTretums 
to the plfl^e from whence it was thrown. But did tmy 
one, therefore, even for an insts^nt suppose that the 
laws of motion are different for this and for other 
bodies! On the contrary, was not every person of a 
speculative turn immediately led to incfiiire how it was 
that the known causes which modify ipotiouf the resist- 
ance of the air and thd other, ^uses, produced in this 
instance so peculiar an effect! And if the motion had 
been still more unaccountable, it would not have occa- 
sioned any uncertainty whether it were consistent with 
the agency of gravity and the laws of motion. If a 
body suddenly alter its direction, or move in any other 
unexpected manner, we never doubt that there is a 
cause of the change. We may continue quite ignonont 
of the nature of this cause, but" this ignorance never 
occasions a moment's doubt that the cause exists and 
is exactly suited to the effect. And thus experience 
can prove or discover to us general rules, but she can 
neven prove tjiat general rules do not exist. Anoma- 
lies, exceptions, unexplained phenomena, may remiml 
us th^t we have much stiff to learn, but tliey can 
never make us suppose thai truths arc not universal. 
We may observe frets that show us we hawe not_Mly 
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understood the meaning of our general laws, but we 
can never find facts wl^ch show our laws to have no 
meaning. Our experience is bound in by the limits of 
cause and effect, and can give us lio information con- 
cerning any region where that relation does not prevail. 
The whole .series of external occurrences and objects, 
through all time and space, exists only, and is con- 
ceived ^nly, as subject to this relation ; and therefore 
we endeavour in vain to imagine to ourselves when and 
where and how exceptions to this relation may occur. 
The assumption of the coimex^n of cause and effect is 
essential to ovr experience, as the recognition of the 
maxims which express this connexion is essential to our 
knowledge. , 

6. I have thus endeavoured to explain in some mea- 
sure hSw, at least in the field of our mechanical 
knowledge, experience can discover universal truths, 
though she cannot give them their universality; and 
how such truths, though borrowing their form from 
our ideas, cannot be understood except by the actual 
study of external nature. And thus with regard to 
the laws of motion, and other fundamental principles 
of Mechanics, the analysis of our ideas and the history 
of the progress of the science well illustrate each other. 

If the paradox of the disco’^^ 3 ry of universal truths 
by experience be thus solved in one instance, a mucli 
wider question ■^offers itself to us; — ITow far the diffi- 
culty, and how fiir the solution, are applicable to other 
subjects. It is easy to sec that this question involves 
most grave and extensive doctrines with regard to the 
whole compass of human knowledge : and the views to 
which we have been led in the present Book of this 
work are, we trust, fitted to throw much light upon 
the general aspect of the subject. But after discus- 
sions so abstract, and perhaps obscure,i. as thoee in 
which we have been engag^ for some chapters, I 
willingly postpone to a future occasion an investiga- 
tion which may perhaps appear to most readers more 
recondite and difficuli stilL And we have, in fact, 
many other special fields of knowledge to survey, 
before we are led by the order of our subject, to 
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those general questions and doctrines, those antitheses 
brought into view and again revived, which a view of 
th^ whole territory of human knowledge suggests, and 
l>y which the nature and conditions of kno\i^ledge are 
exhibited. 

Before we quit the subject of mechanical^science we 
shall make a few remarks on another .doctrine which 
forms part of the established truths of the ocience, 
namely, the doctrine of universal gravitation. 



CHAPTER IX. 


Op the I&TAllLISHMENT OP THE LaW OP UkIVEBSAL 

« ^ Gravitation^ 


T he doctrine of univeraar gravitation is a feature 
of so much importance in the history of science 
that we shall not pass it by Vitheat a few remarks on 
the nature and evidence of the doctrine. 

I. To a ccit.ani extent the doctrine of the attrac- 
tion of bodies according to the law of the inverse 
square of the distance, exhibits in its progress among 
men the same general features which we have noticed 
in the history of the laws of motion. Tliis doctrine 
was maintainei ^ •priori on the ground of its sim- 
plicity, aqd was asserted positively, even before it was 
clearly understood: — ^notwithstanding this anticipa- 
tion, its. establishment on tlie ground of facts was 
a task of vast labour and sagacity: — ^when it had 
been so established in a general way, there occurreil 
at later periods, /in occasional suspicion tliat it might 
be approximately true only : — these suspicions led to 
fuither researches, which showed the rule to be 
rigorously exact: — and atr present there are mathe- 
maticians who maintain, not only that it is true, 
but that it is a necessiiry property of matter. A very 
few^ words on each of these points will suffice. 

2. I have shown in the History of Science^ ^ that the 
attraction of the sun according to the inverse |quare 
of the distknee, hfid been divined by BulliEddus, 
Hooke, Halley, and others, before it was proved 
by Newton. Probably the reason which su|^gested 
this conje^ure was, tliat gravity might be considered 
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as a sort of emanation; and that^ thus, like light or 
any other effect diffused from q. center, it must follow 
th(f law just stated, the efficacy of the force being 
weakened in receding from the center, exactly in 
proportion to the space through which it is diffused. 
It ciuinot be denied that such a view appears to be 
strongly recommended by analogy. 

When it had been proved by Newton -fliat the 
planets were really retained in their elliptical orbits 
by a ccnti'al force, his caJ(?dlations hIso sjiow^d that 
the above-stated law -if tke force hiust be at least 
very approximately correct, since othei^wisc the aphelia 
of the orbits coulcL^not so nearly at rest as they 
were. Yet wlum it seemed as^if*the motion of the 
moon’s apogee could not be accounted for without 
some new supposition, the d priori argument in favour 
of the inverse s<piare did not pi-event Clairaut from 
trying the hypothesis of a small term added to that 
which expressed the ancient law : but when, in order to 
test the accuracy of this hyix>thesis, the Cj^lculation of the 
motion of the moon’s apogee wtxs pushed to a greater 
degrtMi of exact tiess than had been obtainefl before, it 
was found that the new teiiUt vanished of itself; and 
that the inverse s(piai*e now accounted for the whole of 
the motion. And thiis, iis in the case of the second law 
of motion, the most scrupulous examination terminated 
in showing the simi)lest rule to be rtgorously true. 

3. Similar events occun’od in the history of another 
part of the law of gravitation: namely, that the at- 
traction is proportional to the cjuantity of matter 
attracted. This piu^t of the law may also be thus 
stated. That the weight of bodies arising from gravity 
is proportional to their inertia; and thus, that* the 
accelerating force on all bodies imder the same cir- 
cumstances is j the same. Newton made experiments 
which proved this with regard to terrestrial bodies; 
for he ^)und that, at the end of equal strings, balls of 
all substances, gold, silver, lAvd, glass, wood, &c., oscil- 
lated in equal times*. But a ft^ years ago, do;ibta 
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arose among the German astronomers whether this 
law was rigorously Iruf with regard to the planetary 
bodies. Some calculations appeared to prove, that^the 
attraction of Jupiter as shown by the perturbations 
which he produces in the small planets Juno, Vesta, 
and Pallas, ;was diflerent from the attraction wh^ch he 
exerts on his own satellites. Nor did there appear to 
these ‘philosophers anything inconceivable in the suppo- 
sition that the attraction of a planet might be thus 
elective. But when Mr. Aiiy obtainexi a more exact 
determination of* the mass, of (Tupiter, as indicated by 
his effect on his satellites, it was found that this sus- 
picion 'was unfounded; and that there was, in this 
case, -no exception jto the imiversaKty of the rule, that 
this cosmical attraction is in the proportion of the 
attiuct^ mass. * 

4. Again: when it had thus been sho^n that a 
mutual attraction of parts, acconling to the law above 
mentioned, prevailed throughout the extent of the solar 
system, it might still be doubted whether the same law 
extended to other regions of the universe. It might 
have been«porhaps imagined that each fixed star had 
its peculiar law of force., But the examination of the 
motions of double stars about each -other, by the two 
Herschels and others, appears to show that these bodies 
describe ellipses as the planets do: and thus extends 
the law of the invei-se squares to parts of the uni- 
verse immeasurably distant from the .whole solar sys- 
tem. 

5. Since every doubt which has been raised witli 
regard to the universality and accuracy of the law of 
gravitation, has thus ended in confirming the rule, it is 
not^urjirizing that men’s minds should liavc returned 
with additional force to those views whicli had at first 
represented the law as a necessary tryth, cap«.ble of 
being established by reason alone. When it had been 
proved by Newton that gravity is really a universal 
attribute of matter as far as we ean learn, his pupils 
were not content witliout maintaining it to be an essm- 

quality. This is the doctrine held by Cotes in the 
preface to the second edition of the Principia (1712) : 
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‘ Gravity,’ he says, ‘ is a primaiy quality of bodies, as 
extensiou, mobility, and impenetrability are.’ But 
iiTeWton himself by no means went so far. In his 
second Letter to Bentley (1693), he says, ‘You some- 
times speak of gravity as essential and inherent to mat- 
ter; pray do not ascribe that notion to me. The cause 
of gravity,’ he adds, ‘I do not j^retend to know, and 
would take more time to consider of it.’ * * 

Cotes mfiintains liis opinion by urging, that we learn 
by experience that all bodjes possess >gravi^, and that 
we do not learn in any otlier way ^lat they are ex- 
tended, mov('abl(i, or solid. But we ha^te already seen, 
that the ideas c»f sj>ace, tinie, and reaction, on' which 
de])end extension, mobility, and solidity, arc n®t re- 
sults, but conditions, of ex])ei*ience. We cannot con- 
ceive a body except as extended; we ’can not conceive 
it to exe«t mcohariioal action except with some kind 
of solidity. But so far as our conceptions of body 
have hitherto been <lcvelopcd, we find no difficulty in 
conceiving two bodies which do not attract eacli other. 

6. Newton lays down, in the second edition of the 
Princljtki^ this ‘Kule of Philosophising’ ^book iii.); 
that ‘ The qualities of bodies , which cannot be made 
more or less intense, and which belong to all bodies on 
which we are able to make experiments, are to be held 
to be qualities of all bodies in general.’ And this Buie 
is cited in the sixth Prop«)sitiou of the Third Book of 
the Princijna^ (Cor. 2,) in order to prove that gravity, 
]u*o[)oi'tional to tlie quantity of matter, may be asserted 
to bo a <piality of all bodies universally. But w'c may 
remark that a Buie of Philosophizing, itself of ijroca- 
lious authority, cannot authorize us in ascribing uni- 
versality to an empiiical result. Geometrical • and 
statical properties are seen to bo necessary, and there- 
fore iHiivei*sal \ but Newton appears disposed to assert 
a like universality of gravity, quite unconnected Avith 
any necessity. It would be a very inadequate state- 
ment, indeed a false represeiitatioii, of statical truth, if 
we were to say, that because ewery body* wliich^ has 
liitherto bpeii tried h<is been fmmd to have a center pf 
gravity, we venture to assert that all bodies whatever 
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have a center of gravity. And if we are ever able to 
assert the absolute universality of the law of gravitor 
tion, we shall have to rest this truth upon the clodrci* 
development of our ideas of matter and force ; not upon 
a Rule of Philosopliizing, which, till otlierwise proved, 
must be a mere rule of prudence, and which the oppo- 
nent may refuse to admit. 

7 . ‘ (5thcr persons, instead of asserting gravity to be 
in its own nature essential to matter, have made hypo- 
theses cuneprning^^some mdcjianisin or other, by which 
this mutual attihction of'bodres is produced". Thus 
the Cartesians^ ascribed to a vortex the tendency of 
bodies *to a center; Newton bimsojlf seems to have been 
disposed to refer this, tendency to the elasticity of an 
ether; Le Sago ]iropoinuled a curious hypothesis, iii 
which tnis attraction is accounted for by the impulse 
of infinite streams of particles flowing r,onstautly 
through the universe in all directions. In thcjse* specu- 
lations, the force of gimdty is resolved into the pressure 
or impidsc of ^solids or fluids. On the otlicr hand, 
hypotheses have been propounded, in which the solidity, 
and othor*])hysical (pialities of bodies, have been ex.- 
plained by representing • the bodies as a collection of 
points, from which points, repulsive, as well as attrac- 
tive, forces emanate. This view of the constitution of 
bodit's was maintained and dcvelopcid by Boscovich, 
and is hence tenued ‘ Boscovich’s Theory and the dis- 
cussion of it will more properJy come under our review^ 
at a future period, when we speiik of the question 
whether bodies are made iq) of atoms. But we may 
observe, that Newton himself appciars to have inelined, 
as his followers certainly did, to this mode of contem- 
plating the physical propei*ties of bodies. In his Pre- 
face to the JWincipwbj after speaking of the central 
forces which are exhibited in cosmical tphenonnSha, he 
says: ‘Would that we could derive the other pheno- 
mena of Nature from mechanical pnnciples ^by the 
same mode of reasoning. * For many things move me 

V V 

• . ■ ^ 

'' ® See Vince, Observations on the Hypothesis respeding GravitaMon, and the 
Critique Qt that jrork, Edinb, Beo, yoL xUL 
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so that I suspect all these phenomeuii may depend upon 
certain forces, by which the particles of bodies, through 
oaufecs not yet known, are either impelled to each other 
and cohere according to regular figures, or are repelled 
and recede from each other: which forces being un- 
known, pliilosophers have hitherto made tl^eir attempts 
upon nature in vain.’ 

8. But both these hypotheses ; — that hf ^-hich 
coliesion and solidity arc reduced to attractive and 
repulsive forces, and tliat bywhich at‘'jraction is reduced 
to the impulse and pressuiie of media; — ^are hitherto 
iperely modes of representing mechanical laws of 
nature ; and cannot^ eith^* of them, be asserted'as pos- 
sessing any evident Irutli or pereniptory authority to 
the exclusion of the other. T/iis consideration may 
»lo ns to estimate the real weight *of tlic difficulty 
in assenting to the mutual attraction of bodies not 
in contact with each other; for it is often urged that 
.his attraction of bodies at a ilistance is an absurd sup- 
position. ^ 

The doctrine is often thus stigmatized, both by 
popular and by learned writers. Tt ludg received 
as a maxim in philosophy (as JMonboddo informs us*), 
that a body cannot act w/iere it is not, any more than 
when it is not. But to this we rcjily, that time is a 
necessary condition of our conception of causa, ti on, in a 
different manner from space. The action of force can 
only bo conceived as biking place in a succession of 
momenis, in each of which cause and effect immedi- 
ately succeed each other: and thus the inteiwal of 
time between a cause and its remote effect is filled up 
by a continuous succession of events connected by the 
same chain of causation. But in space, there is no 
such visible necessity of continuity; the action and 
reactibii may take place at a distance from each other ; 
all that is necesssiry being that they be equal and 
opposite. 

Undoubtedly ilie existence of attraction is rendered 
more acceiibible to common apprehension Ijy supposing 


Ancieni Meta^ysics, Tol IL p. 175. 
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some intermediate machinery, — a cord, or rod, or fluid, 
— ^by which the forces may be conveyed from one point 
to another. But such images are rather fitted to satisfy 
those prejudices which arise from the earlier application 
of our ideas of force, than to exhibit the real nature of 
those ideas. «If we supjiose two bodies to pull each other 
by means of a rod or cord, we only sujipose, in addi- 
tion to fhose equal and opjiosite forces acting upon the 
two bodies, (which forces are alone essential to mutual 
attraction) poweif'^^f resisting transvci’se pres- 

sure at every p6int of thfe iii*termediate line: which 
additional sup^josition is entirely useless, and quite 
unconnected with the essential copditions of tlie case. 
Wlieti the Newtoiiians were accused of intro<iucing 
into philosophy an unknown cause wliich they termed 
attraction^ they justly replied that they knew as much 
respecting atti*action as their opponents did Ubout im- 
pulse. In each case we have a knowledge of the con- 
ception in question so far as we clearly apprehend it 
under the conditions of those axioms of mechanical 
causation which form the basis of our science on sucK 
subjects. *■ i'* 

Having thus examined’the degree of certainty and 
generality to which our knowledge of the law of uni- 
versal gravitation has been carried, by the progi’css of 
mechanical discovery and speculation up to the i»rc- 
sent time, wo might proce^ to the other branches of 
science, and examine in like manner their grounds and 
conditions. But before we do this, it will be wortli 
our wdxile to attend foi a moment to the effect which 
the progress of mechanical ideas among mathemati- 
cians and mechanical philasophers has produced upon 
the hiinds of other persons, who share only in an 
indirect and derivative manner in the influence of 
science. •> 



CHAPTER X. 


Of the general Diffusion of clear 
Mechanical Ideas. ^ 


I. liave seen how the progress* of knowledge 

VV upon the^ subject of inotion and foi’ce has 
produced, in the coiirse of the wprld^s history, a* great 
change in tbe minds of acute and speculative men ; so 
that such persons can now reason with perfect steadi- 
ness and» precision upon subjects on which, at first, 
their thoughts were vague and confused ; and can ap- 
prehend, as truths of complete certainty and evidence, 
laws which it required great labour Bjpd time to dis- 
cover. This complete development and clear manil'es- 
tatioh of mechanical ideas has taken ^ilace 6nly among 
mathematicians and p£ilosopli§rs. But yet a progress 
of thought u})on such subjects, — an advance from the 
obscure to the clear, and from errour to truth, — may 
be traced in the world at large, and among those who 
have not directly cultivated the exact sciences. This 
diffused and collateral influence of science manifests 
itself, although in a wavering and fluctuating manner, 
by various indications, at various periods of literary 
history. The opinions and reasonings which are put 
forth upon mechanical subjects, and above all, the 
adoption, into common language, of teims and phrases 
belonging to the prevalent mechanical systems, exhibit 
to utf the m«st profound discoveries and speculations 
of philosophers in their effect upon more common 
and familiar trains of thought. This effect is by no 
means unimportant, and we shall point out some 
examples of such indications as we have mentioned. 

2 . The discoveries* of the ancients in speculative 
mechanics were, as we have seen, very scanty; and 
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hardly extended their influence to the unmathematical 
world. Yet the familiar use of the term ‘center of 
gravity’ preserved and suggested the most important 
pfitrt of what the Greeks had to teach. The other 
phrases which they emjfloyed, as monmihimy energy^ 
mr^Me,ybrce,,and the like, never had any exact mean- 
ing, even among matliematicians ; and thercfoi-e never, 
in tht! f&icient world, became the means of suggesting 
just habits of thought. I have pointed out, in the 
Histoiy of Sciencfii, several ‘circumstances wliich appear 
to denote tlie general coiifu^ioivof ideas which prevailed 
upon mechanical subjects during the times of the Eo- 
man empire. I have there ta%en as one of the examples 
of this confusion, ,^he fable nariuted by Pliny and 
others concerning the echinei’s, a small fish, which was 
said to stop a Sihip merely by sticking to it*. This 
story was adduced as betmying the absent'? of any 
steady apprehension of the equality of action and re- 
action ; since the fish, except it had some immoveable 
obstacle to hold by, must be pulled forward by the 
ship, as much as it pulled the ship backward. If thtf 
writers wht speaV of tliis wonder had shown any per- 
ception of the necessity a reaction, either produced 
by the rapid motion of the fish’s fins in the water, or 
in any other way, they would hot be chai-gciahlo with 
this confusion of thought; but from their expressions 
it is, I think, evident that they saw no such necessity®. 
Their idea of mechanical action was not sufficiently 
distinct to enable them to see the absurdity of suppos- 


1 BitL Ind 5e. b. It. c. L sect a. 

9 SedtProf. Powell, On tAe JVoture 
enut Bwdmca of the Laws of Motion. 
Be^ports of the Ashmolean Society. 
Oxford. 1837. Professor Powell has 
wade au objection to my use of this 
instance of confusion of thought ; the 
remark In the text seems to mo to 
justify ,what I sfild in the Ilfstoty. 
As ru evidence that the fish was not 
supposed to produce its effect by its 


muscular power acting on the water, 
wo may take what Pliny says, Bat. 
Hist, xxxii. r, *Domat mundi rabiem, 
nullo Buo labore ; iion retinenlo, aut 
alio modo quam adhiercndo:* and 
also what he states in another place 
(ix. 41), that when it is preserved in 
pickle, it may be used in recovering 
gold which has fallen Into a deep 
welL All this Implies adhesion alone, 
with no conception of reaction. 
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ing an intense pressure with no obstacle for it to exert 
itself against. s 

• We may trace, in more modern times also, indi- 
cations of a general ignorance of mechanical tmths. 
Thus the phrase of shooting at an object ‘ point-blank,* 
implies the belief that a cannon-ball descy:*ibes a path 
of which the first portion is a stmiglit line. This 
eiTOur was corrected by the true mechanical pfiBciples 
which Galileo and his followers brought to light ; but 
these principles made tliijir way t* popular notice, , 
principally in consequeinco of their rdpplication to tlie 
motions of the solar system, and to the controversies 
which took place respecting those motions, Tims by 
far the most powerful argument^ against the recej)tion 
of the Copernican system of the universe, was that of 
those who asked, Why a stone dropt ff’om a tower was 
not left behind by the motion of the ciarthl The 
juiswer to tliis question, now universally familiar, in- 
volves a reference to the true doctrine of tlie compo- 
sition of motions. Again; Kepler’s persevering and' 
strenuous attempts® to frame a physical theory of the 
univci*so were frustrated by his jgnoi;^ince hf the first 
law of motion, which infonn^j us tliat a body ^vill 
retain its velocity without any maintaining force. He 
proceeded upon the supposition that the sim’s force 
was requisite to hee^ ttp the motion of the planets, as 
well to deflect and modify it ; and he was thus led 
to a system which represented the sun as carrying 
round the planets in their orbits by means of a vortex, 
produced by his revolution. The same neglect of the 
laws of motion presided in the formation of Dascai-tes* 
system of vortices. Although Descartes had enunci- 
ated in words the laws of motion, he and his followers 
sliowed that they had not the practical habit of refer- 
ring to theses medianical principles; and dared not 
trust the planets to move in fi’ee space without some 
surroiTii^iding machinery to support them^. 

^ HUL Ind. Sc, b. ▼. c. iv. aud b. viL Descartes the characW whlcl.»Bacon 
c. 1. • , * gives to Aristotle, 'Audox simu) et 

* I have, in the History, applied to pavidus though he was byld enough 
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4. When at last mathematicians, following Newton, 
had ventured to consider the motion of each planet as 
a mechanical problem not different in its nature fPom 
the motion of a stone cast from the hand ; and when 
the solution of this problem and its immense conse- 
quences hadrbccome matters of general notoriety and 
interest; the* new views introduced, as is usual, new 
terms," '^hich soon became extensively current. We 
meet with such phrases as ‘ flying off in the tangent,’ 
and ‘ deflexion fr«»m the tdugent f with antitheses be- 
tween ‘ centripetifl ’ and ‘ ccntrffugal force,’ or between 
‘ projectile ’ and ‘ central force.’ ‘ Centers of force,* 

‘ disturbing forces,* ‘ perturbationSj.*,and ‘ perturbations 
of higher orders,’ are pot unfrequently s])okeii of : and 
the expression ‘ to gravitate,* and the term ‘ universal 
gravitation,* acquired a permanent place in the lan- 
guage. 

Yet for a long time, and even up to tlm present day, 
we find many indications that false and confused ap- 
'prehensions on ,such subjects are by no means extir- 
pated. Arguments are urged against the mechanical 
system of tne universe, implying in the opponents an 
absence of all clear mccrh««nical notions. Many of this 
class of writers rctrogmle to Kepler’s point of view. 
This is, for example, the case with Lord Monboddo, 
who, arguing on the assumption that force is requisite 
to maintain, as well as to deflect motion, produced a 
series of attacks upon the Newtonian philosophy ; 
which he inserted in his Ancient Metaphysics, pub- 
lished in 1779 and the succeeding years. This writer 
(like Kepler), measures force by the velocity which the 
body haa^ not by that which it gains. Such a use of 
langiflige would prevent our obtaining any laws of mo- 
tion at all. Accordingly, the author, in the very next 
page to that which I have just quoted, r.bandoniS: this 
measure of force, and, in curvilinear motion, measures 


to enimeiftte the laws of motion with' describe their orbits by the agency of 
out knowing them aright, he had not those laws, without tlie machinery of 
the^courage to leave the planets to contact 

, * Ab^ Met, voL a b. T. a YLP.4X3. 
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force by ‘the fall from the extremity of the arc.* 
Again ; in his objections to the received theory, he de- 
mel that curvilinear motion is compounded, although 
his own mode of considering such motion assumes this 
composition in the only way in which it was ever 
intended by mathematicians. Many mmrc instances 
might be adduced to show that a want of cultivation 
of the mechanical ideas rendered this pliilosofffer in- 
capable of judging of a mechanical system. 

Tlie following extract frpAi the IfetaphyaicSy 

may be sufficient to show^the valufi of the author’s 
criticism on the subjects of which we are now speak- 
ing. His object is,^ pr^ve that there do not exist a 
centrii3etal and a centrifugal forpe in the case of *ellip- 
tical motion. ‘Let any man move in a circular or 
elliptical line describecl to him ; and *hc will find no 
tendency -fin himself either to the center or from it, 
much less both. If indeed he attempt to make the 
motion with great velocity, or if he do it carelessly and 
inattentively, he may go out of the ling, either towards 
the center or from it : but this is to be ascribed, not to 
the nature of the motipn, but to our infinntty; or per- 
haps to the animal form, whweV is more fitted for pro- 
gi'essive motion in a right line than for any kind of 
curvilinear motion. !l^ut this is not the case with a 
sphci'c or spheroid, which is equally atlapted to motion 
in all directions”.’ We need hardly remind the reader 
that the manner in which a man running round a 
small circle, finds it necessary to lean inwards, in order 
that there may be a centripetal inclination to counter- 
act the centrifugal force, is a standard example of our 
mechanical doctrines; and this fact (quite familiar in 
practice as well as theory) is in direct contradictibn of 
Lord Mouboddo’s assertion. 

5 . ' A similar absence of distinct mechanical thought 
appears in some of the most celebrated metaphysicians 
of Germany. I have elsewhere noted’ the opinion ex- 
pressed by Hegel, that thb glory which belongs to 


* ilTiC. ITef. toL L b. IJ. c. tq, p. 364. 
7 Hist. Ind, b. vlL a iL sect. ff. 
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Kepler has been unjustly transfeiTed to Newton; and 
I have suggested, as the explanation of this mode of 
thinking, that Hegel himself, in the knowledge of Hia* 
chanicsil truth, liad not advanced beyond Kepler’s 
point of view. Persons who possess coiiceptioiR of 
space and miimber, but who have not learnt to deal 
with ideas of force and causation, may see more value 
in tlieTlKscoveries of Kepler than in those of Newton. 
Another exempliftcation of tliis state of mind may be 
found in ProfcHsonScliclling’qi^ speculations; for instance, 
in his Lnctures on the Method Academical Study, In 
the twelfth Lecture, on the study of Physics and Che- 
mistry,' he says, (p. 266,) ‘^^What the mathematical 
natural i>hilosophy Jias done for the knowledge of the 
laws of the universe since the time that they were dis- 
covered by his (Kepler’s) godlike genius, is, as is well 
known, tliis : it has attempted^a construction of those 
laws wliicli, according to its foundations, is altogether 
empirical. We may assiime it as a general rule, that 
in any proposed constiiiction, that which is not a pure 
general form cannot have any scientific import or 
truth. Tlie'fouiKlatiou from which the centrifugal mo- 
tion of the bodies of th^ T^rorld is derived, is no neces- 
sary forin, it is an empirical fact. The Newtonian 
attractive force, even if it be a necessary assumption 
for a nierdy reflective view of the subject, is still of no 
significance for the Reason, which recognizes only 
absolute relations. The grounds of the Keplerian laws 
can bo derived, without any empirical appendage, 
purely from the doctrine of Ideas, and of the two Uni- 
ties, which are in themselves one Unity, and in virtue 
of which each being, while it is absolute in itself, is at 
the same time in the absolute, and reciprocally.’ 

It will be observed, that in this passage our mecha- 
nical laws are objected to because they ore not neces- 
sary results of our ideas ; which, however, as we have 
seen, according to the opinion of some eminevt me- 
chanical philosophers, the} are. But to assume this 
evident necessity lus a condition of every advance in 
sciipnee, is to mistake the last, perhaps unattainable 
step, for the first, wliich lies before our feet. And, 



DIFFUSION OF CLEAR MECHANICAL IDEAS. 285 

without inquiring further about * the Doctrine of the 
two Unities/ or the manner in which from tliat doc- 
tt'iAo we may deduce the Keplerian laws, wc may be 
well convinced that such a doctrine cannot supply any 
sufficient reason to induce us to quit the inductive 
path by which all scientific truth up to, the present 
time has been acquired. 

6. But without going to schools of philosAj^ffiy op- 
posed to the Inductive School, we may find many loose 
and vague habits of»thiukmg on irjechanical subjects 
among the common classes of readers an<l reasonei’s. 
And there arc some fainilijir modes ofj employing the 
phraseology of mechanical science, which are, ifi a cer- 
tain degree, chargcafele with iuaccqi acy, and may pro- 
duce or pcrpctmitc concision. Among such cases we 
may mention tlie way in which the* centripetal and 
centrifugal forces, and also tlie projectile and central 
forces of the planets, are ofttm compared or opposed. 
Such antitheses sometimes proceed upeut the false no- 
tion that the two membei's (jf these pairs of forces arc 
of the same kind: whereas on th<^ contrary projec- 
tile force is a hypothetical impulsive ^bree w hich may, 
at some former period, havq caused the motion to 
begin j while the cerdral force is an actual forces, which 
must act continuously and during the w^hole time of 
tlie motion, in order that the niotioifnifiy go on in the 
curve. In the smne manner the ceidcifugal force is 
not a distinct force in a strict sense, but (»iily a certain 
result of the first law of motion, measured by the por- 
tion of ceMrijietal force which coiintcrac^ts it. Com- 
]>ai*isons of (quantities so heterogeneous imply confushui 
of thought, and often suggest baseless si)eculations and 
imagined reforms of the received oq>inions. 

7. I might point out other terms and maxims, in 
addirioii to those* already mentioned, which, though 
formerly employed in a loose and vague manner, are 
now J^curately understood and employed by all just 
thinkers; and thus secure* and diffuse a right under- 
standing of mechanical tfuths. Such aro 

inertia, quantity of matter, quantity of motion; tjiat 
force is proportional to its effects; tliat action anil 
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reaction are eqtml; that what is gained in force hy 
Ttiachinery is tost in time; that the quardiiy of motion 
in the world ca/nnot he eiilher increased or dvminis^ied. 
When the expression of the truth thus becomes easy 
and simple, clear and convincing, the meanings given 
to words and phrases by discoverers glide into the 
habitual texture of men’s reasonings, and the effect of 
the ewteblishment of ti-ue mechanical principles is felt 
far from the school of the mechanician. If these terms 
and maxims are cunderstood with tolerable clearness, 
they carry the ini^uence of.,in\th to those who have no 
direct access tq, its sources. Many an extravagant pro- 
ject in practical nuichineiy,^ and many a wild hypo- 
thesiti in speculatiye physics, hffe been repressed by 
tlie general cun’ency of such maxims as we have just 
quoted. ' ^ 

8. Indeed so familial* and evident arq the ele- 
mentaiy truths of mechanics when expressed in tliis 
simple form,«J3iat they arc received as truisms; and 
men arc disposed to .look back with surprise and scorn 
at the speculations which were carried on in ueglecb of 
them. Tho most^ superficial reasoner of modern times 
tliinks himself entitled i^o speak with contempt and 
ridicule of Kepler’s hypothesis concerning the physical 
causes of the celestial motions ; and gives himself credit 
for intellectual superioiity, because he sees, as self- 
evident, what such a man could not discover at all. It 
is well for such a person to recollect, that the rcjil cause 
of his superior insight lo not the pre-erainence of his 
faculties, but the successful labours of, those who have 
preceded him. The language* which he has learnt to 
use unconsciously, has been adapted to, and moulded 
on, ancertaincd truths. When he talks familiarly of 
“accelerating forces” and “deflexions from the tan- 
gent,” he is assuming that which Ke-pler ^id not know, 
and which it cost Galileo and his disciples so much 
labour and thought to establish. Language i^^ often 
called an instrument of thought; but it is also the 
nutriment thought; or rather, it is the atmosphere 
in ^ which thought lives: a medium essential to the 
activity of our spcoulativc power, although invisible 
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and imperceptible in its operation; and an element 
modifying, by its qualities and changes, the growth and 
qpn^plexion of the faculties which it feeds. In this way 
the influence oi preceding discoveries upon subsequent 
ones, of the past upon the present, is most penetrating 
and universal, though most subtle and diflicult to trace. 
The most familiar words and phrases arc connected by 
imperceptible ties with the reasonings and dih^^verics 
of former men and distant times. Their knowledge is 
an inseparable part of ours ; the prcp‘?nt generation in- 
herits and uses the scieiftific wealth of all the past. 
And this is the fortune, not only of the^great and rich 
in the intellectual world : of those who have the key 
to the ancient storcTiouses, and wlio have accumulated 
treasures of their own ; — but the liumblest inquirer, 
while he puts his reasonings into words, benefics by the 
labours of tlie greatest discoverei's. When he counts 
his little wealth, he finds that he has in his hands coins 
which bear the image and superscription of ancient and 
modern intellectual dynasties; and tlmt in virtue of 
this possession, acquisitions are in Bis power, solid 
knowledge within his reach, which^ none -could ever 
have attained to, if it 'wtire J^ot that Iho gold of truth, 
once dug out of the mine, circulates more and more 
widely among mankind. 

9. Having so fully examined, in tthe preceding in- 
stances, the natui’c of the progi*ess of thought which 
scioiice imi)lies, both among the peculiar cultivators of 
science, and in that wider world of general culture 
which receives only an indirect influence from scien- 
tific discoveries, we shall not find it necessary to go 
into the same extent of detail with regard to the other 
provinces of human knowledge. In the case rf the 
Mechanical Sciences, we have endeavoured to shovv^, 
not o^'ily that. Jdeati are requisite in order to form into 
a science the Facts which nature offers to us, but tliat 
we can advance, almost or quite, to a complete identi- 
fication of the Facts with tJie Ideas. In the sciences 
to which we now proceed, wo shall not seek to fill up 
the chasm by which Facts and Ideas are separated; 
but we sliall endeavour to detect the Ideas which our 
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knowledge involves, to show how essential thqse are; 
and in some respects to trace the mode in which tiiey 
have been gradually developed among jpen. « 

lo. The motions of the heavenly bodies, their laws, 
their causes, are among the subjects of the fii’st divi- 
sion of the , Mechanical Sciences ; and of these sciencas 
we formerly sketched the history, and have now endea- 
voured^^to exhibit the philosophy. If we were to 
take any other class of motions, tlieir laws and causes 
might give rise tqi sciences* whiclk would be mechanical 
sciences in ‘^exactly the same /^ense in which Physical 
Astronomy is f.o. The phenomena of magnets, of elec- 
trical 'bodies, of galvanical apparatus, seem to form 
obvious materials f^r such science.^ ; and if they were so 
treated, the philosophy of such bmnehes of knowledge 
would liaturiilly come under our consideration at this 
point of our progi*css. « 

But on looking more attentively at the sciences of 
Electiicity, Magnetism, and Galvanism, we discover 
cogent rcjasons for ti?ansfcrring them to another part of 
our arrangement; we find it advisable to associate them 
with Chemistry,, and to discuss their principles when 
we can connect them with the ’principles (d* chemical 
science. For though the first steps and narrower gene- 
ralizations of these sciences di*peud upon mechanical 
ideas, the highest laws and widest genorjilizations which 
we can reach respecting them, involve chemical rela- 
tions. The progress of those portions of knowledge is 
in some respects , o})posib? to the progress of Physical 
Astronomy. In this, wo begin with phenomena which 
appear to indicate peculiar and various qualities iii 
the bodies which we consider, (namely, the heavenly 
bodiwi,) and we find in the end that all these qualities 
resolve tli^Jrnsclves into one common mechanical pro- 
perty, which exists alike in all bodiesrand parts of 
bodies. On the contrary, in studying magnetical and 
electrical laws, we appear at first to have a sii^gle ex- 
tensive phenomenon, attraction and repulsion: but in 
our attempts to geno’^ize this phenomenon, we find 
t\at it is governed by conditions depending upon some- 
thing quite separate from the bodies themselves, upon 
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the presence and distribution of peculiar and transitory 
agencies; and, so far as we can discover, the gener^ 
l£fwl of these agencies are of a chemical nature, and are 
brought into action by peculiar properties of special 
substances. In cosmical phenomena, everything, in pro- 
portion as it is referred to mechanical principles, tends 
to simplicity, — ^to permanent uniform forces,— ^tp one 
common, positive, property. In magnetical and elec- 
trical appearances, on the contrary, the application of 
mechanical principles *lead% dnly to a^new complexity, 
which requires a new e.tplahation ; and this explana-^ 
tion involves changeable and various ibrces, — grada- 
tions and oppositions pf qnnlities. The doctrine of the 
universal gravitation of matter is a shnple and ultimate 
truth, in which the mind can acquiespe and ,rcpose. 
We rank gravity among the mechanical attributes of 
matter, an€ we see no necessity to derive it from any 
ulterior jiroperties. Gravity belongs to matter, inde- 
pendent of any conditions. But the condUiom of 
magnetic or electrical activity require investigation as 
much as the laws of their action. Of these conditions 
no mere mechanical explanation can b?j given; we are 
compelled to take along witlf us chemical }>ropcrtics 
and relations also: and, thus magnetism, electricity, 
galvanism, are Tneclianic^hendcal scmices. 

II. Before considering these, therefore, I shall 
ti’eat of Avhat I shall call Seconda/ry Mechanical 
Sciences; by which expression I mean the sciences 
depending upon certain qualities which our senses dis- 
cover to us in bodies; — Optics, which has visible phe- 
nomena for its subject ; Acozistics, the science of hear- 
ing ; the doctrine of Heat, a quality which our touch 
recognizes : to this last science I shall take the liberiy 
of sometimes giving the namo Therniotics, analogous to 
the naihes of tlJe other two. If our knowledge of the 
phenomena of Smell and Taste liad been successfully 
cultivatied and systematized, the present part of our 
work would be the plaee for the philosophical discus- 
^ sion of those sensations as the subjects of science. ' 

The branches of knowledge thus grouped in oti<^ 
class involve common Fundamental Ideas, from^which 

VOL. 1. u 
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their principles are derived in a mode analogous, at 
least in a certain degree, to the mode in wliich the 
principles of the mechanical sciences are derived L'om 
the fundamental ideas of causation and reaction. We 
proceed now to consider these Fundamental Ideas, 
their nature, development, and consequences. 
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CHAPTER I. 

•. • 

, • 

Of the Idea of a MEDiiftt as commonly 

EMPLOYED. * ^ 


I. Of Primwy md the 

same way in which the mechanical gcicnces depend 
upon the Ide^ of Cause, and have their principles 
regulated by the development of that Idea? it will be 
found that the sciences whi<il\ have for their subject 
Sound, Light, and Heat, depend for their principles 
upon the Funcjamenta^ Idea of Media by means of 
which we perceive tliose qualities. Like the idea of 
cause, this idea of a medium is unavoidably employed, 
moi-e or less distinctly, in the common, unscientitic 
operations of the understanding; and is recognized as 
an express principle in the earliest speculative essays 
of man. But here also, as in the case of the mechani- 
cal sciences, the development of the idea, and the esta- 
blishment of the scientific truths which depend ftpon 
it, was the business of a succeeding period, and was 
only executed by nnSans of long and laborious researches, 
conducted with a constant reference to experiment and 
observation. 

Among the most promineflt manifestations of the in- 
fluence of the idea of a medium of which we ha ve nqw to 
speak, is tjie distinctioip of the qualities of bodies into 
prina/ry^ and secondwry qualities. This distinetjon has 
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been constantly spoken of in modem times : yet it has 
often been a subject of discussion among metaphy- 
sicians whether there be really such a distinction, jmd 
what the true difference is. Locke states it thus*: 
Original or Primary qualities of bodies are ‘ such as 
are utterly inseparable from the l>ody in what estate 
soever it may be, — such as sense constantly finds in 
every imrticle of matter which has bulk enough to bo 
perceived, and the mind finds inseparable from eveiy 
paitiicle of matter, though less than to make itself 
singly perceived' by our senses:’ and he enumerates 
them as solidity, extension, figure, motion oi- rest, and 
numbdi'. Secondary qualities, on the other hand,, are 
such ‘ which in truth are notliing in the objects them- 
selves, but powers to produce various sensations in us 
by their primary qualities, i,e, by the bulk, figure, 
texture, and motion of their insensible q)arts, as 
colours, sounds, ttistes, &c.’ 

Dr. Reid®, recongidering this subject, puts the differ- 
ence in another way- There is, he says, a real foun- 
dation for the distinction of IMmaiy and Secondary 
qualities, Lnd it is this: ‘That our senses give us a 
direct and distinct natioi>.of the primary qualities, and 
inform us what they ai*o in themselves; but of the 
secondary qualities, our senses hive us only a relative 
and obscure notion. They iniorm us oidy that they 
are qualities that affect us in a certain manner, that is, 
produce in us a certain sensation; but as to what 
they are in themselves, our senses leave us in the 
dark.’ 

Dr. Brown” states the distinction somewhat otlier- 
wise. We give the name of Matter, he observes, to tliat 
whicSi has extension and resistance: these, therefore, 
are Primary qualities of matter, because tliey compose 
our definition of it. All other qualities rre Secondary, 
since they are ascribed to bodies only because we find 
them associated with the primary qualities which form 
our notion of those bodies. 

^ Esaa/Ift b. iL cb. vUL s. g, la * Etmys, b. iL xvii. 

^ * Ltdwres, U. is. 
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It is not necessary to criticize ^ very strictly these 
various distinctions. If it were, it would be easy to 
find objections to them. Thus Locke, it may be ob- 
served, does not point out any reason for believing 
that his secondary qualities are produced by the pri- 
jiiary. How are we to leam that the colour of a rose 
arises from the bulk, figure, texture, and faction of its 
particles? Certainly our senses do ‘not teach this; 

and in what other way, on Locke’s principles, can we 
learn it ? Reid’s statement is not more free from the 
same objection. How do^s* it appc^' thai our notion 
of Warmth is relative t8 our own sensations more than 
our notion of Solidity? And if wc taHke 13ro\^i’s ac- 
co\int, we may still ^sk whether our selection of certain 
qualities to form our idea and* definition of Matter 
be arbitrary and without reason? If it be, Jiow can 
it make a real distinction? if it be ‘not, what is the 
reason? * 

I do not press these objections, because I believe 
that any of the above accounts of the distinction of 
Pi-imary and Secondary qualities is right in the main, 
however imperfect it may be. The difference between 
•such qualities as Extension and SoKdity on the one 
hand, and Colour or Eragr&nce on the other, is as- 
sented to by all, with la conviction so firm and inde- 
structible, that there must be some fundamental prin- 
ciple at the bottom of the belief, however difficult it 
may be to clothe the principle in words. That suc- 
cessive efforts to express the real nature of tlie differ- 
ence were made by men so clear-sighted and acute 
as those whom I have quoted, even if none of them 
are satisfactory, shows how strong and how deeply- 
seated is the perception of truth which impels jus to 
such attempts. 

Tl^e most obvio\js mode of stating the difference of 
Primary and Secondary qualities, as it natumlly offers 
itself to speculative minds, appears to be that em- 
ployed by Locke, slightly^ modified. Certain of the 
qudities of bodies, as their bulk, figiu’e, and motion, 
are perceived immediately in {he bodied themaelves* 
Certain Other qualities as sounds colour^ heat, are jfter- 
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oeived 1>7 means of some medium. Our couTiction 
that this is the case is spontaneous and irresistible; 
and this difference of qualities immediately and m^edi- 
ately perceived is the distinction of Primary an<l 
Secondary qualities. We pi'oceed farther to examine 
this conviction. 

2 . The Mm qf ExtemcdUy , — In reasoning concem- 
ing tl^p Secondary Qualities of bodies, we are led to 
assume tlie bodies to be exteimal to us, and to bo per- 
ceived by means of some Medium ^intermediate between 
.us and them. ^These a^umptions are fundamental 
conditions of ^rception, mseparable from perception 
even ip thought. 

That objects are external tb us^l^mt they are without 
us, that they havi^ tvMvesa^ is as clear as it is that 
these wprds hav/3 any meaning at all. Tliis conviction 
is, indeed, involved in the exercise of that faculty by 
which we perceive all things as existing iu space ; for 
by this feiculty we place ourselves and other objects in 
one common space, and thus they are exterior to us. 
It may be remarked* that this apprehension of objects 
as extern^ to us, although it assumes the idea of 
space, is iar frofn being implied in the idea of space. 
The objects which we 'cbutemplate are considered as 
existing in space, and by that imeaus become invested 
with certain mutual relations of position; but when 
we consider them as existing without vs, we make the 
lulditional step of siipposing ourselves and the objects to 
exist in ono common space. The question respecting 
the Ideal Theory of Berkeley has been mixed up with 
the recognition of this condition of the externality of 
objects. That philosopher maintained, as is well known, 
that ^e perceptible qualities of bodies have no exist- 
ence except in a perceiving mind. This system has 
often been understood as if he had pnagined the yrorld 
to be a kind of optical illusion, like the ‘^images which 
wo see when we shut our eyes, appearing to be with- 
out us, though they are on^y in our organs; adU thus 
this Ideal System has been opposed to a belief in an 
external world. In truth, however, no such opposition 
ex&ts. The Ideal System is an attempt to esSplain the 
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mental process of perception, and to get over the diffi- 
culty of mind being affected by matter. But the author 
(jf Jhat system did not deny that objects were per- 
ceived under the conditions of spaee and mechanical 
causation; — ^that they were etxAernal and v/uUerial so 
far as those words describe perceptible qualities. Berke- 
ley’s system, however visionary or erroneous, did not 
prevent his entertaining views as just, concemii^ optics 
or acoustics, as if he had held any other doctrine of 
the nature of perception. , ^ 

But when Berkeley’^ tljeoiy wasb understood as a 
denial of the existence of objects withqpt us, how was 
it answered? If we examine the answers which are 
given by Keid and biher philosophers to this hypothe- 
sis, it vriil be found that they hmount to this : that 
objects are without us, since wc perceive that4hey are 
so ; that we perceive tliem to be external, by the same 
act by which we perceive them to be objects. And 
thus, in tliis stage of philosoi)hical inquiry, the ex- 
ternality of objects is recogniz^ one of the inevit- 
able conditions of our perception of tltem ; and lionco 
the Idea of Externality is adopted as one oi the neces- 
sary foundations of all'reasoning concerning all objects 
whatever. * 

3 . Sensation hy a Medium, — Objects, as we have 
just seen, are necessarily apprehended as vntlmit us; 
and in general, as removed from us by a great or small 
distance. Y et they affect our bodily senses ; and this 
leads us irresistibly to the conviction that they are 
perceived by moans of something intermediate. Vision, 
or hearing, or smell, or the warmth of a fire, must be 
communicated to us by some Medium of Sensation. 
This unavoidable belief appears in all attempt.'^ the 
earliest and the latest alike, to speculate upon such 
subjects. Thps, for instance, Aristotle says*, ‘ Seeing 
takes place in virtue of some action which the sen- 
tient organ suffers : now it cannot suffer action from 
the colour of the object directly: the only remain- 
ing possible case then is, that it ^s acted qpon by an 


* Zlepl U. 7. See the motto to this Book. 
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intervening Medium j there must then be an interven- 
ing Medium/ ‘ And the same may be said/ he adds, 
‘concerning sounding and odorous bodies; for these dp 
not produce sensation by touching the sentient organ, 
but tlie intervening Medium is acted on by the sound 
or the smell, and the proper organ, by the Medium... 
In sound the Medium is air; in smell we have no 
name & r it/ In the sense of ^te, the necessity of a 
Medium is not at first so obviously seen, because the 
object tasted is brought into contact with the organ; 
but a little 'atten:*-ion convinces us that the taste of a 
solid l)ody can only be perceived when it is conveyed 
in some liquid vehicle. Till the fruit is crushed, and 
till its juices are pressed out/ we ‘do not distinguish its 
flavour. In the case bf heat, it is still more clear that 
we are 3ompellc(l to suppose some invisible fluid, or 
other means of communication, between the distant 
body which warms us and ourselves. 

It may appear to some persons that the assumption 
of an intermedium between the object perceived and 
the sentient oi*]^an results from the principles which 
form the basis of our mechanical reasonings, — that 
every change must have |i caus6, and that bodies can 
act upon each other only by contact. It cannot be 
denied that this principle does ofler itself very naturally 
as tlie ground of our belief in media of sensation ; and 
it appears to be refeiTed to for this purpose by Aris- 
totle in the passage quoted above. But yet we cannot 
but ask, Does the principle, that matter produces its 
effect by contact only, manifestly apply here? When 
we so apply it, wc include sensation among the ejects 
which material contact produces; — a case so different 
fronicany merely mechanical efiect, that the principle, 
so employed, appears to acquire a new signification. 
May we not, then, rather say that we have here a new 
axiom, — ^That sensation implies a material cause im- 
mediately acting on the organ, — than a new applica- 
tion of our former proposition, — ^That all mec^nical 
change impj^es contaqt? 

The solution of this doubt is not of any material 
consequence to our reasonings; for whatever be the 
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^*ound of the assumption, it is certain that we do 
assume the existence of media by wliich the sensations 
of sights hearing, and the like, are produced; and it 
will be seen shortly that principles inseparably con- 
nected with this assumption are the basis of the 
sciences now before us. , 

Tliis assumption makes its appearance in the j)hysi- 
cal doctrines of aU the schools of philosophy.^* It is 
exhibited perhaps piost prominently in the tenets of 
the Epicureans, who were materialisibs, and extended 
to all kinds of causation^ tfia axiom oft the fixistence of 
a corporeal mechanism by which jiloixj the effect is 
produced. Thus, according to them, vision is pro- 
duced by certain im%es or material films which flow 
from the object, strike upon the eyes, and so become 
sensible. This opinion is urged with *great derail and 
eamcstne.is by Lucretius, the poetical expositor of the 
Epicurean creed among the Romaps. His fundamen- 
tal conviction of the necessity of a material inedhiin is 
obviously the basis of his reasoning, though he attempts 
to show the existence of such a medium*by facts. Thus 
he argues®, that by aliouting loud wc jinake ^tlie throat 
sore; which shows, he says,, that the voice must be 
material, so that it can hurt tlie jjassage in coming out. 

Haud igitur dubium esl quin voces verbaque coustent 

Corporels e principlis ut Isederc jK)Bsint. 

4. The Procesa of Perception of Secondary Quali- 
ties . — The likenesses or representatives of objects by 
which they affect our senses were called by some 
writers species, or sensible species, a term which con- 
tinued in use till the revival of science. It may 
be observed that the conception of these species as 
films cast off ffom the object, and retaining its stiape, 
was iJLfferent, as we have seen, from the view which 
Aristotle took, though it .has sometimes been called 
the Peripatetic doctrine®. Wo may add that the 
expression was latterly applied to express the suppo- 
sition of an emanation of any kind, and implied little 


• Brown, voL ii. p. gS. 

« * 


^ Dc Benim NaJtwrd, Lib. iv. 529, 
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more than that supposition of a Medium of which we 
are now speaking. Thus Bacon, after reviewing the 
phenomena of sound, says^, ‘ Yidentur motus soni ^evi 
per species ^iriitmles: ita enim loquendum donee cer* 
tius quippiam inveniatur.’ 

Though t|3Le fundamental principles of several sciences 
depend upon the assumption of a Medium of Perception, 
these ^^Hnciples do not at all depend upon any special 
view of the Process of our perceptions. The mechanism 
of that process is a curious subject of consideration; 
but it beloi%s to^physiology,* njore properly thameither 
to metaphysics/ or to those branches of physics of which 
we aref- now speaking. The genered nature of the pro- 
cess is the same foi; all the senses.^ The object affects 
the appropriate intennedium; the medium, through 
the proper organ, the eye, the ear, the nose, affects the 
nerves of the particular sense ; and, by thea^, in some 
way, the sensation is conveyed to the mind. But to 
treat the impression upon the nerves as the act of sen- 
sation which we havi^j to consider, would be to mistake 
our object, which is not the constitution of the human 
body, but C'f the human mind. It would be to mistake 
one link of the chain for the power which holds the 
end of the chain. No anatomical analysis of the cor- 
poreal conditions of vision, or hSaring, or feeling warm, 
is necessary to the sciences of Optics, or Acoustics, or 
Thermoftics. 

Not only is this physiological research an extraneous 
part of our subject, but a partial purauit of such a re- 
search may mislead the inquirer. We perceive objects 
hy imams of certain media, and hy imans of certain 
impressions on the nerves: but we cannot with pro- 
priety say that we perceive either the media or the 
impressions on the nerves. What person in the act of 
seeing is conscious of the little coloured ^spaces an the 
retina? or of the motions of the bones of the auditory 
apparatus whilst he is hearing? Surely, no one.. This 
may appear obvious enough, and yet a writer of no 
common acijteness. Dr. Brown, has put forth several 


^ Hist, Son. et Avd, vol. iz, p. 87. 



OF THE IDEA OF A MEDIUM. 


301 


very strange opinions, all resting upon the doctrine 
that the coloured spaces on the retina are the objects 
h we perceive ; and there are some supposed diffi- 
culties and paradoxes on the same subject which have 
become quite celebrated (as upright vision with in- 
verted images), arising from the same confusion of 
thought. 

As the consideration of the difficulties wliicl/ have 
arisen respecting the Pliilosophy of Perception may 
serve still further to illustrate the piinciples on which 
wc necessarily reason rcpphcting the ^jeconHaiy quali- 
ties of bodies, I shall here devote a few» pages to that 
subject. ^ ^ • 



CHAPTER IL 


On Peculiarities in the Perceptions op the 
Difpebtent Senses. 


1. "YjirE canTjot doubt that we perceive all secondary 
qualities by means of immediate impressions 
made, through the proper meditim of sensation, upon 
our orgjvns. Hence all the senses are sometimes 
vaguely^ spoken, of as modifications of the sense of 
feeling. It will, however, be seen, on refler^tion, that 
this mode of speaking identifies in words things which 
in our conceptions have nothing in common. No im- 
pression on the organs of touch can be conceived as 
liaving any resemblance to colour or smell. No elfoi^t, 
no ingenuflty, can enable us to describe the impressions 
of one sense in terms borrowed from another. 

The senses have, however, each its peculiar powers, 
and these powers may be in some respects compared, so 
as to show their leading resemblances and differences, 
and the characteri.stic privileges and laws of each. 
This is what we shall do tis briefly as possible. 

Sect. I . — Prerogatives of Sight, 

The sight distinguishes colours, as the hearing distin- 
guishes tones; the sight estimates degrees of brightness, 
the ear, degrees of loudness ; but with several resem- 
blances, there are most remarkable, differences between 
these two senses. 

2, Positimi . — The sight has this peculiar jpreroga- 
tive, that it apprehends the place of its objects directly 
and piimaijly. We gee where an object is at the same, 
instant that we see what it is. ^ If we see two objects, 
we see their relative position. We cannot help per- 
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ceiving that one is above or below, to the right or ft 
the left of thetsther, if we perceive them at all. 

, ^hcre is nothing corresponding to this in sound. 
When we hear a noise, we do not necessarily assign a 
place to it. It may easily happen that we cannot tell 
from which side a thunder-clap comes, .^nd though 
we often can judge in wliat direction a voice is heard, 
this is a matter of secondary impression, and ctf’ infer- 
ence from concomitant circumstances, not a primary 
fact of sensation. The judgments wjiich we fonn con- 
cerning the position sounding bodies aft*e obtained 
by the conscious or unconscious compaiiison of the im- 
pressions made on the two efirs, and on the bones of 
the head in general*; they are n^t inseparable con- 
ditions of hearing. We may 'hear sounds, and be 
uncertain whether they are ‘ abewe, %-rouud, (Jr under- 
neath!’ bpt the moment anything visible appears, how- 
ever unex})ectcd, we can say, ‘see wliere it comes!’ 

Since we can see the relative position of things, we 
can see figure, which is but the rejative position of the 
different pai'ts of the boundary of tlfo object. And 
thus the whole visible world exhibit,^ to a scene of 
various shapes, colonrcJd and shaded according to their 
form and position, but each having relations of position 
to all the rest; and altogether, entirely filling up the 
whole range which the eye can command. 

3. Didayice , — The distance of objects from ns is 
no matter of immediate perception, but is a judgment 
and inference formed from our sensations, in some- 
tiling of the same way as our judgment of position 
by the ear, though more precise. That tliiiS is so, 
was most distinctly shown by Berkeley, in his New 
Theory of Vision, The elements on which we form our 
judgment are, the effort by wliich we fix both eyes on 
the same object, the effort by which we adjust ejich eye 
to distinct vision, and the known forms, colours, and 
parts jf objects, as compared with their ap])earance. 
The right intei-}>retation of the information which 
, these circumstances give us respecting tjie true dis- 
tances and forms of things, is g^ually learnt b^ ex- 
perience, ’the lesson being begun in our earliest infancy, 
and inculcated upon us every hour duitng which we 
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^ our eyes. The completeness with which the lesson 
is leamt is truly admirable; for we ffltget that our 
conclusion is obtained indirectly, and mistake a judg- 
ment on evidence for an intuitive perception. This, 
however, is not more surprizing than the rapidity and 
unconsciousness of effort with which we understand 
the meanmg of the speech that we hear, or the book 
that read. In both cases, the habit of interpreta/- 
tion is become as fiimiliar as the. act of perception. 
And this is the ^ase with regard to vision. We see 
the breadtK of the street as cJ/jarly and readily as we 
see the house ron the other side of it. We see the 
house to bo square, however, obliqjiely it be presented 
to u». Indeed thf difficulty is,‘ to recover the con- 
sciousness of our real and original sensations; — to 
discovei' what is the (vp'pwrmt relation of the lines 
which appear before us. As we have alr^'ady said, 
(book ii. chap. 6) in the common process of vision 
we suppose ourselves to see that wliich cannot be 
seen; and when we would make a picture of an object, 
the difficulty is to represent what is visible and no 
more. 

But perfect as is our habit of interpreting what we 
perceive, we could not interpret if we did not perceive. 
If the eye did not apprehend Visible position, it could 
not infer actual position, which is collected from visible 
position as a consequence : if we did not see apparent 
figure, we could not arrive at any opinion concerning 
real form. The perception of place, which is the 
prerogative of the eye, is the basis of alL its other 
superiority. 

The precision with which the eye can judge of appa- 
rent position is remarkable. If we had before us two 
stars distant from each other by one-twentieth of the 
moon’s diameter, we could easily decide the apparent 
direction of the one from the other, as above or below, 
to the right or left. Yet eight millions of star^ might 
be placed in the visible hemisphere of the sky at such 
distances from each other; and thus the eye would ^ 
recognize the relative j)08ition in a portion of its range 
not greater than one eight-millionth of the whole. 
Such is the Accuracy of the sense of vision in this 
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respect; and, indeed, we might with truth have stated 
it much liigher. Our judgment of the position of dis- 
ty.n{ objects in a landscape depends upon features far 
more minute than the magnitude we have here de- 
scribed. 

As our object is to point out principally the differ- 
ences of the senses, we do not dwell \ipon the delicacy 
with which we distinguish tints and shades, bht pro- 
cewl to another aen^e. 

Sect. II. — I'rerogativea oj liea/ring. 

• 

The sense of hearing has two remarkable prerogatives; 
it can perceive a defiilite and peculi(|,r relation between 
certain tones, and it can clearly perceive two tones to- 
gethei* ; in both these circumstances ii*is distiifjguished 
from visiop, and from the other senses. 

4. Musical intervals. — ^We perceive that two tones 
have, or have not, certain detinito relations to each 
other, which we call Concords: one sound is a MjHA, 
an Octave^ A;c., above the other. And when this is the 
case, our perception of the relation i^ extremely pre- 
cise. It is easy to perdeive w];^en a fifth is out of tune 
by one-twentieth of a tone; that is, by one-seventieth 
of itself. To this there*is nothing analogous in vision. 
Colours have certain vague relations to one another; 
they look w^ell togetlier, liy contnist or by resemblance ; 
but this is an indefinite, and in most cases a casual and 
variable feeling. The relation of complementary co- 
lours to one another, as of red to green, is somewhat 
more definite; but still, has nothing of the exactness 
and p(;culiarity which belongs to a musical concord. 
In the case of the two sounds, there is an exact Jfoint 
at which the relation obtains; when by altering one 
note ^ pass t^jis point, the concord does not gradually 
fade away^ but inataintly becomes a discord ; and if wo 
go further still, wo obtain another concord of quite a 
difierenl; character. 

We learn from the theory of«sound that concords 
• occur when the times of vibration of the notes nav^ 
exact simp/e ratios; an octave has these times as i to 
VOL. 1. X 
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2 ; a fifth, as 2 to 3. According to the undulatory 
theoiy of light, such ratios occur in colours, yet the 
eye is not affected by them in any poculiai* way. yiu.* 
times of the undulations of certain red and cei*tain 
violet rays are as 2 to 3, but we do not perceive any 
peculiar hai^inony or connexion between those colours. 

5. Chords, — Again, the car has this prerogative, 
that it'can npprehend two notes together, yet distinct. 
If tAvo notes, distant by a fifth from each other, are 
soujided on two wind instrumenta, both they and their 
musical relation «liro clearly p£p*ceived. There is not a 
mixture, but a^concord, a musical interval. In coloui*a, 
the cdse is otherwise. If blue and yellow fall on the 
same spot, they foi^n ctccu ; the colour is simple to the 
eye ; it can no more bo decomposed by the vision than 
if it wdre the sbnple green of the prismatic spectinm : 
it is impossible for us, by sight, to tell wheliier it is so 
or not. 

Tliese are very remarkable differences of the two 
senses: two colours^can be compounded into an appa- 
rently simple one; two sounds cannot: colours pass 
into each ’other , by gradations and intermediate tints; 
sounds pass from one concord to another by no grada- 
tions: the most intolerable discord is that which is 
near a concord. We shall liei*eafter see how these 
differences affect the scales of sound and of colour. 

6. lihythm. — ^Wc might remark, that as we see 
objects in space^ we hear sounds in Him; and that we 
thus introduce an arrangement among soun<l ?5 which 
has several analogies with the arrangement of objects 
in space. But the conception of time does not seem 
to be peculiarly connected with the sense of liearing ; 
a faculty of apprehending tone and time, or in musical 
phraseology tune and rhytlvuiy are certainly very dis- 
tinct. I shall not, therefore, here dwell upotii such 
ajialogies. 

The other Senses have not any peculiai* prerogatives, 
at least none which bear the formation of science. 
I may, however, netice, in the feeling of heat, this 
circumstance; that it presents us with tw;o opposites, 
heat and cold, which ^^aduate into each other. This 
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is not quite peculiar, for vision also exhibits to us 
white and black, which are clearly opposites, and 
vjh^h pass into each other by the shades of gray. 

Sect. III . — The Paradoxes of Vision. 

7. First Paradox of Vision. Upright Vision . — 
A 11 our senses appear to have this in common ;^That 
they act by means of organs, in which a bundle of 
nerves receives the •impregsion of* the appropriate 
medium of the sense. .the constnictiftn of these 
orgjins tliere are gre^at differences ancl peculiarities, 
corresponding, in part at least, to tlie differeitties in 
the information given, iftorcover, in soTn(3 casejs, as 
we have noted in the case of ^Liidible position and 
visible distance, that which .seems to*bo a pefception 
is really adjudgment founded on perceptions of which 
wo are not directly aware. It will be seen, therefore, 
that with respect to the ]r)eculiar powers of each sense, 
it may be asked; — whether they qjin bo exphunod by 
the constiuction of the peculiar organ;— whether they 
are acquired judgments and not direct poretptious; — 
or whetlier they arc ihcxplicable in either of these 
ways, and cannot, at present at* least, be resolved into 
anything but conditions of the intellectual act of 
perception. 

Two of these questions with regard to vision, have 
been much discussed by psychological writers: the 
cause of our seeing objects upright by inverted images 
on the retina; and of our seeing single with two such 
images. 

Physiologists have very completely explained the 
exquisitely beautiful mechanism of the eye, consittered 
as analogous to an optical instrument; and it is in- 
disj)u table thal^by means of certain transparent lenses 
and humours, an inverted image of the objects which 
are looked at is formed u{>on the retina^ or fine net- 
work oJ nerve, with which .the back of the eye is 
lined. We cannot doubt that ijie imprcjpsion thus 
' produced on these nenjes is essential to the acf of 
vision: and so far as we consider the nerves them- 

• X*2 
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selves to feel or perceive by contact^ we may say that 
they perceive this image, or the affections of light 
which it indicates. But we cannot with any propryeijy 
say that vot perceive, or that our mind perceives, this 
image ; for we are not conscious of it, and none but 
anatomists ^ire aware of its existence ; we perceive hy 
means of it. 

A difficulty has been raised, and dwelt upon in a 
most unaccountable manner, arising from the neglect 
of this obvious distinction. Itdias been asked, how 
is it that we seemn object^ a ipan for instance, upright, 
when the immediate object of our sensation, the image 
of th6 man on our retina, ^ is inverted ? To this we 
must answer, tha;t we see him' upright because the 
image is invei-ted; "that the inverted image is the 
necessaty meanhkjof seeing an upright object. This is 
granted, and where tlien is the difficulty? J?crhaps it 
may be put thus : How is it that we do not judge the 
man to be inverted, since the sensible image is so? To 
this we may reply, that we have no notion of uprigM 
or inverted, except that which is founded on experience, 
and that mil oujr experience, without exception, must 
have ^ught us that sucti a sensible image belongs to a 
man who is in an upright position. Indeed, tlie con- 
trary judgment is not conceivable; a man is upright 
whose head is upwards and his feet downwards. But 
what are the sensible images of upwards and down- 
vjards ? Whatever be our standard of up and down, 
the sensible representation of up will be an image 
moving on the retina towards the lower side, and tlie 
sensible representation of down will be a motion to- 
wards the upper side. Tlie head of the man’s image 
is t<!;wai’ds the image of the sky, its feet arc towards 
the imago of the ground ; how then should it appear 
■ otherwise than upright ? Do we expect that the 
whole world should apjjear inverted ? Be it so : but 
if the whole be inverted, how is the relation of the 
parts altered? Do we expect that we should think 
our own persons in particular inverted ? This cannot 
he, for we look at them as we do At other objects. 
Do we exjfject that things should appear to fell up- 
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wards ? Surely not. For what do we know of up- 
wards, except that it is the direction in which bodies 
do •not fall 1 In shoi't, the whole of this difficulty, 
though it has in no small degree embarrassed meta- 
physicians, appears to result from a very palpable 
confusion of ideas; from an attempt at* comparison 
of wliat we SCO, with that which the retina iSsels, as 
if they were separately presentable. It is a sufficient 
explanation to say,* that we do not see the image on 
the retina, but see by rtiMcfns of it.^ Thei» pei*plcxity 
does not require much fnore skill to disentangle, than 
it does to see that a word written in %lack ink, may 
signify white \ 

8. Secand Paradox of Yiaim* Single Vision . — 
(i.) Small or Distant Ohjeets . — The pther (jjjfficulty, 
why with two images on the retina*we see only one 
object, is •of a much more real* and important kind. 
Tliis effect is manifestly limited ' }>y certain circum- 
stances of a very precise nature; for if we direct our 
eyes at an object which is very near 4;he eye, we see 

1 The explanation of oar seeing on ^ black surface. Indeed s^e 
objects erect when the image ig in- persons have contrived to perplex 
verted has been put very simply, by themselves with these latter ques- 
saying, *We cott that the lower end Uoiis, as well as the first, 
of an object which is next the The above explanation is not at all 
ground.* The observer cannot look affected, as to its substance, if we 
into his own eye ; he knows hy ex- adopt Sir David Brewster’s expres- 
pemnte what kind of image corre- sion, and say that the line of vUibU 
.spends to a man In an upright posi- directUm is a line passing throngh 
tion. The anatomist tolls him that the center of the spherical surface of 
this Image Is inverted: but this does the retina, and therefore of^ooorse 
not disturb the process of*judglng by perpendicular to the surface. In 
experience. It does not appear why speaking of * the inverted image,' it 
any one*Bhould befierplexed at the has always been supposed to be do- 
notion of seeing objects erect by termlned by such lines ; and though 
means o^ inverted images, rather the point where they intersect may 
than at the notion of seeing objects mot have been ascertained with exact- 
large by means of small Images ; or ness previous ^ysiologists, the 
eubical and pyrunldal, by meai||i of philoaophical view of the matter was 
images on a kpherical suifoce ; or not in any degree vitiated by diia 
green and red, by m e a ns of images Imperfection. 
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all other objects double. The fact is not, therefore, 
that we are incapable of receiving two impressions 
from the two images, but that, under certain torf*- 
ditions, the two impressions form one. A little atten- 
tion shows us that these conditions are, timt with both 
eyes we should look at the same object ; and again, we 
fold th^vt to look at an object with cither eye, is to 
direct the eye so that the image falls on or near a 
pai-ticular point about the middle of the retina. Thus 
these middVi points in the'two retinas correspond, and 
we see an inu^e single when^ the two images fall on 
the corresponding points. 

Again, as each eye judgew of, position, and as the 
two eyes judge similarly, an object will be seen in the 
same plqce by o^ie eye and by the other, when the two 
images which it 'produces are similarly situated with 
regard to the correapcmdlng points of the retina®. 

This is the Law of Single Vision, at least so far as 
regards small objects; namely, objects so small that in 
contemplating ^hemT we consider their position only. 


1 

^ The explanation of single vision 
witik two eyes may be put in anOclier 
fonn. Bach eye judges immediately 
of the relative tiosition of all objects 
within the field of its direct vision. 
Therefore when we look with both 
eyes at a diaiani prospect (so distant 
that the distance between the pyes 
Is small in comparison) the two pros- 
pects, being similar collections of 
forms, will coincide altogether, if 
a cor^sponding point in one and 
in the other coincide. If this be 
the case, the two images of every 
object will fall upon corresponding 
points of the retina, and will appear 
single. 

If the two prospects seen by the^ 
two eyes do no|^ exactly coli\pide, in 
oouseq'aence of nearness of the ob- 
jects, or distortion of tho eyes, but 
if they neirly coircide, the stronger 


imagd of an object absorbs the 
weaker, and tho object is seen single ; 
yet jnodified by tlie rombination, as 
will be seen when we speak of the 
single vision of near objects. When 
the two images of an object are con- 
siderably apart, we see it double. 

This explanation is not different in 
substance from the one given in |he 
text; but perhaps it is better to avoid 
the assertion that the law of corre- 
sponding points is *a distinct and 
original principle of our constitu- 
tion,’ as I had stated in the first 
edition. !the sintpler mode 61 stating 
the law of our constitution appears 
to bo to Bay, that each eye determines 
similarly tho position of objects ; and 
that when tho positions of an object, 
as s|eu by the two eyes, coincide (or 
nearly coincide) the object is seen 
single. 
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and not their solid dimensions. Single vision in such 
cases is a result of the law of vision simply : and it is 
a ii^istake to call in, as some have done, the indiience of 
habit and of acquired judgments, in order to determine 
tlie result in such cases. 

To ascribe the app«*ircnt singleness of oJ:)jects to the 
impressions of vision coiTected by the experience of 
touch’, would be to assert tliat a person who had not 
been in the habit gf handling what he saw, would see 
all objects double; mid qjso, to asaert tliat a person 
beginning with the dc^ible world ^fhich vision thus 
offers to him, would, by the continued habit of han- 
dling objects, gradii^illy sgid at last learn to se6 them 
single. But all the facta of the jca^e show such suppo- 
sitions to be utterly fantastical. Jlo one ciin, in this 
case, go back from the habitual judgment of tlte single- 
ness of cfcjects, to the original and direct perception 
of their doublcness, as the draughtsman goes back 
ft‘om judgments to perception, in representing solid 
distances and fonns by means of* persj|)ective pictures. 
No one can point out any case in which the habit is 
imperfectly formed; even children of, the iPlost tender 
age look at an object with b<Di^^ eyes, and see it as one. 

In cases when the e^es are distorted (in squinting), 
one eye only is used, or if both are employed, there is 
double vision; and thus any derangement of the cor- 
respondence of motion in the two eyes will produce 
double-sigh tedn ess. 

Brown is one of those* who assert that two Images 
sTiggest a single object because we have always fawtui 
two images to belong to a single object He urges as 
an illustration, that the tvx> words ‘he conquered,^ 
by custom excite, exactly the same notion as tlfe one 
Liitin word ‘vicit;’ and thus tliat two visual images, 
by the effecUof Ifkbit, produce the same belief of a 
single object as one tactual impression. But in order 
to majee this pretended illustration of any value, it 
ought to be true that wh<51ii a person has thoroughly 
learnt the Latin language, he can no longer distinguish 


* See Brown, voL iL p. 81. 


Ledures^vo}, ILjp. 81. 
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any separate meaning in ^he’ and in ^conquered.’ We 
can by no effort perceive the double sensation, when 
we look at the object with the two eyes. Those whe 
squint^ learn by habit to see objects single : but the 
habit which they acquire is that of attending to the 
impressions of one eye only at once, not of combining 
the two impressions. It is obvious, that if each eye 
spreads'before us the same visible scene, with the same 
objects and the same relations of place, then, if one 
object in each some coincijjie, tke whole of the two 
visible impressiolAS will be coincident. And here the 
remarkable ciFmmstance is, that not only each eye 
judges Tor itself of the relations of position which come 
within its field of .ivi^w; but that there is a superior 
and moi-e compreh^aive faculty which combines and 
compares the twe fields of view; which asserts or de- 
nies their coincidence; which contemplate^ as in a 
relative position to one another, these two visible 
worlds, in which all other relative position is given. 
This power of gonfrmting two sets of visible images 
and fi^’ed spaces before a purely intellectual tribunal, 
is one of *vhe most remarkable circumstances in the 
sense gf vision. ^ 

9. (2.) Nea/r Objects, — ^We^have hitherto spoken 

of the singleness of objects whose images occupy coire- 
sponding positions on the retina of the two eyes. But 
here occurs a difficulty. If an object of moderate size, 
a small thick book for example, be held at a little dis- 
tance from the eyes, it produces an image on the rctiiia 
of each eye ; and these two images are perspective re- 
presentations of the book from different points of view, 
(the positions of the two eyes,) and are therefore of dif- 
ferent forms. Hence the two images cannot occupy 
corresponding points of the retina throughout their 
whole extent. If the central partTof the two ilnages 
occupy coiTesponding points, the boundaries of the two 
will not correspond. How is it then consistent with 
the law above stated that in this case the object ap- 
pears^ singled 

Jt "may be observed, that the two images in such a 
case wip differ most widely when the ol^ect is not a 
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mere surface, hut a solid. If a book, for example, be 
held with one of its upright edges towards the face, 
right eye will see one side more directly than the 
left eye, and the left eye will see another side more 
directly, and the cytline of the two images upon the 
two retinas will exhibit this difference. Aid it may be 
further observed, that this difference in the images 
received by the two eyes, is a plain and demonstrative 
evidence of the solidity of the object seen ; since 
nothing but a solid (fbjec^ could (without some special 
contrivance) produce these different flSrms of the images 
in the two eyes. • 

Hence the absence of .exact coincidence in fhe two 
images on the retina* is the neepssary condition of the 
solidity of the object seen, and must be one of the indi- 
cations by means of which our visiah apprehends an 
object as»solid. And that this is so, Mr. Wheatstone 
has proved experimentally, by means of some most 
ingenious and striking contrivances. He has devised* 
an instrument (the stereoscope) by wjjich two images 
(drawn in outline) differing exactly as much as the two 
images of a solid body, seen near the# face ’vfould differ, 
are conveyed, one to one eye,«gid the other to the other. 
And it 13 found that yhen this is effected, the object 
which the images represent is not only seen single, but 
is ajiprehended as solid with a clearness and reality of 
conviction quite distinct from any impression which a 
mere perspective I'epresentation can give. 

At the same time it is found that the object is tlieu 
only apprehended as single when the two images are 
such as are capable of being excited by one single 
object placed in solid space, and seen by the two 
eyes. If the images differ more or otherwise thdii this 
condition allows, the result is, that both are seen, their 
lines^crossin^and interfering with one another. 

It may bo observed, too, that if an object be of such 
large size as not to be taken in by a single glance of 
the eyes, it is no longer fC^prehended as single by a 
direct act of perception; but ite parts are looljed at 


• thUL Trans, iBy). 
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separately and successively, and the impressions thus 
obtained are put together by a succeeding act of tlie 
mind. Hence the objects which are directly seen,, as 
solid, will be of modei*ate size ; in which case it is not 
difficult to show that the outlines of the two images 
will differ frpm each other only slightly. 

Hence we are led to the following, as the Law of 
Single Vision for near objects : — ^When the two images 
in the two eyes are situated (part fpr pai-t) nearly, but 
not exactly, upoiiti correai)oiiding^points, the object is 
ajiprehended as skigle, if the two images are such as 
are or would given by a single solid object seen by 
the twO eyes* separately : and.in this case the object is 
necessarily apprehended as solid. 

This law of vision does not contradict that stateil 
above foi distant <'bjects : for when an object is removed 
to a considerable distance, the images in thei.two eyes 
coincide exactly, and the object is seen as single, though 
without any direct apprehension of its solidity. The 
lii*st law is a special • case of tlie second. Under the 
condition of exactly corresponding points, we have the 
perception 'of singleness, but no (widence of solidity. 
Under the condition of marly corresponding points, 
we may have the perception of singleness, and with it, 
of solidity. 

We have before noted it as an important feature in 
our visual perception, that while we have two distinct 
impressions upon the sense, which we can contemplate 
separately and alternately, (the impressions on the two 
eyes,) we have a higher perceptive faculty which can 
recognize these two impressions, exactly similar to each 
other, as only two images of one and the same assem- 
blage* of objects. But we now see t^at the faculty by 
which we perceive visible objects can do much more 
than this : — it can not only unite two impressionj^ and 
recognize them as belonging to one object in virtue of 
their coincidence, but it can also unite and identify 
them, even when they do n<yt exactly coincide. It can 
correct and ?,djust their small difference, so that they 
are^ both apprehended as representations of ,the same 
figure. It can infer from them a real form, not agree- 
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ing with either of them ; and a solid space, which they 
are quite incapable of exemplifying. Tlie visual faculty 
decjides whether or not the two ocular images can be 
pictures of the same solid object, and if they can, it 
undoubtingly and necessarily accepts them as being so. 
This faculty operates as if it had the po^jfer of calling 
before it all possible solid figures, and of ascertaining 
by trial whether any of those will, at the saihe time, 
fit both the outlines which are given by the sense. It 
assumes the reality solid ^pace, aucl, if it be possible, 
reconciles the ap])earan^ witli that fealit^. And thus 
an activity of the mind of a very remarkable and 
peculiar Mud is ex^rcise^ in the most commoif act of 
seeing. ^ ^ • 

10. It may be said that this doctrine, of such a 
visual faculty as has been described, ^ very A^ague and 
obscure, tince we arc not told what are its limits. It 
.adjusts and corrects figures whicli rtearly coincide, so 
as to identify them. But how nearly, it may be asked, 
must the figures approach each •other, in order that 
this adjustment may be possible? 'Vf’hat discrepance 
renders impossible the reconcilenujnt of* which we 
speak? Is it not impossible.^ give a definite answer 
to these questions, and therefca*c impossible to lay 
down definitely such laws of vision as we have stated? 
To this I reply, that the indefinitenoss thus objected 
to us, is no now difficulty, but one with which philo- 
sophei*s are familiar, and to which they are already 
reconciled. It is, in fact, no other than the indefinite- 
ness of the limits of distinct vision. How near to the 
face must an object be brought, so that we shall cease 
to see it distinctly? The distance, it wfill be answered, 
is indefinite : it different for different person^; and 
for the same person, it varies with the degree of effort, 
atteiftion, and habit. But this indefiniteness is only 
the indefiuiteness, in another form, of the deviation of 
the two ocular images from one another : and in reply 
to the question concerning *them we must still say, as 
before, that in doubtful cases, tl¥e power qS apprehend- 
ing an object as single, when this ca 7 i be done, 
vary with effort, attention, and habit The assumption 
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that the apparent object exists as a real figure, in real 
space, is to be verified, if possible; but, in extreme 
cases, from the unfitness of the point of view, or fnom 
any other cause of Adsual confii^on or deception, the 
existence of a real object corresponding to the appear* 
ance may her doubtful ; as in any other kind of percep- 
tion it may be doubtful whether our senses, under dis- 
advantageous circumstances, give us true information. 
The vagueness of the limits, then, rwithin which this 
visual faculty can <)e successfully 'Exercised, is no valid 
argument against* the existence* of the faculty, or the 
truth of the lair wliicli wo have stated concerning its 
action.* 

Sec'T* Perception of Visible Figure. 

11. Visible Figure , — There is one tens^ on the 
subject of vision which appears to me so extravagant 
and unphilosophical, tliat I should not have thought it 
necessary to notice it, if it had not been recently pro- 
mulgated by a writer of great acuteness in a book which 
has obtained, for 9 metaphysical work, considerable cir- 
culation. I speak of Brown’s opinion" that we have no 
immediate perception of visible figure. 1 confess myself 
unable to comprehend fully the doctrine which he would 
substitute in the place of the one commonly received. 
He states it thns’^ : ‘When the simple affection of sight 
is blended with the ideas of suggestion [those arising 
from touch, &c.]’in whan are termed the acquired per- 
ceptions of vision, as, for example, in the perception of 
a sphere, it is colour only which is blended with the 
large convexity, and not a small coloured plane.’ The 
doctr&e which Brown asserts in this and similar pas- 
sages, appears to be,* that we do not by vision perceive 
hath colour and figure; but that the boloui^ which iVe see 
is blended with the figure which we learn the existence 
of by other means, as by touch. But if this were pos- 
sible w'hen we can call in Other perceptions, how is it 
possible when we cannot or do not touch the object? 
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Why does the moon appear Vound, gibbous, or homed? 
What sense besides vision suggests to us the idea of her 
§gure? And even in objects which we can reach, what 
is lliat circumstance in the sense of vision which .sug- 
gests to us tliat the colour belongs to the sphere, ex- 
cept that we see the colour where wo sec the sphere? 
If we do not see figure, wo do not see jX)sition; for 
figure is the relative ix^sition of the parts of boun- 
dary. If we do not see position, why do we ascribe 
the yellow colour to the sphere on ojir left, rather than 
to the cube on our right We aa^odoL^ the colour 
with the object, says fir. Brown; bu^ if Ms opinion 
were true, we could not associate two colours with two 
objects, for we coukl nbt apprehend the coloiprs as 
occupying two different places. •• • 

The whole of Brown’s reasoning this siibject is 
so irreconcileable with the first facts of vision, that it 
is difficult to conceive how it could proceed from a 
person who has reasoned with gr^it acuteness concern- 
ing touch. In order to prove his assertion, ho under- 
takes to examine the only reasons whiteh, he says®, he 
can imagine for believing the immeiliate piji’ception of 
visible figure : (i) That it is absolutely im]>ossiblo, in 
our present sensations of sightj to^ separate colour from 
extension ; and (2) That there are, in fact, figures on 
the retina corresponding to the apyjarerit figui*es of 
objects. 

On the subject of the first reason^ he says, that tlie 
figure wliich we perceive as associated with colour, is the 
real, and not the ap{)arent figure. ‘ Is thei’e,’ he asks, 
‘ the slightest consciousness of a percejjtion of visible 
figure, ct)rrespondirig to the affected portion of the 
retina?’ To which, though he seems to tliink an affirm- 
ative answer impossible, /we c;iunot hesitate to reply, 
that«there is^ undoubtedly such a consciousness; that 
though obscured by being made the ground of habitual 
inference as to the real figure, this consciousness is 
constantly referred to by fjie dmugbtsman, and easily 
recalled by any one. We may separate colour, ho says 
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again®, from the figures *on the retina, as we may 
separate it firom length, breadth, and thickness, which 
we do not see. But tliis is altogether false : we can,- 
not separate colour from length, breadth, and thick- 
ness, in any oilier way^ than by transferring it to the 
visible figure which we do see. He cannot, he allows, 
sepamte the colour from the visible form of the trunk 
of a large oak; but just as little, he thinks, can he sepa- 
mte it from the convex mass of the trunk, which (it is 
allowed on all hj^jids) he^does not immediately see. 
But in this Sie is mistaken ; for if he were to make a 
picture of the t)ak, ho would separate the colour from 
the convex sliai)e, which he does not imitate, but he 
could, not separate it from the visible figure, which he 
does imitate ; and ’he* would then perceive that the 
fact that he hoft^not an immediate perception of the 
convex form, is necessarily connected witl^ the fact 
that he has an immediate perception of the apparent 
figure; so far is the rejection of immediate perception 
in the former case from being a reason for rejecting it 
in the latter. * 

Again, with regard to the second argument. It does 
not, he says, follow, that because* a certain figured por- 
tion of the retina is. afiected by light, we should see 
such a figure; for if a certain ‘figured portion of the 
olfactory organ were affected by odours, we should not 
acquire by smell any perception of such figure Tliis 
is merely to say, that because we do not perceive posi- 
tion and figure by one sense, wc cannot do so by an- 
other sense. But this again is altogether erroneous. It 
is an office of our sight to inform us of position, and 
consequently of figure; for this purpose, the organ is 
so cojistructed that the position of the object deter- 
mines the position of the point of the retina affected. 
There is nothing of this kind in the organ of smell; 
objects in different positions and of different forms do 
not affect different parts of the olfactory nerve, (g: por- 
tions of different shape. •.Different objects, remote 
from each ot];ier, if perceived by smell, affect the same 
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part of the olfactory organs. This is all quite intelli- 
gible; for it is not the office of smell to inform us 
yf position. Of what use or meaning would be tljc 
cuiious and complex structure of the eye, if it gave us 
only such vague and wandering notions of the colours 
and forms of the flowers in a garden, as we receive 
from their odours when wo walk among them blind- 
fold'? It is, as we have said*, the lirerogative vision 
to apprehend position: the places of objects on the 
retina give tliia inffirmation. W(^ do not suppose 
that the afiection of a certtiv> shape of ner^)us exj)aiisc 
will necessarily and in jfll cases give us^tlie imj)ression 
of figure ; but we know that in vision it does ; and it is 
clear that if we dief mot Jicquire our acquaintance witli 
visible figure in this way, w^e cbul^ not acquire it i)i 
any way". 

The wjj/ole of this strange mistake ot brown’s ap- 
jiears to arise from the fault already noticed ; — ^that of 
considering the image on the retina as the ohjtvt in- 
stead of the imam of vision. Tips indeed is wluit he 
says: ‘ the true object of vision is not the distant >)ody 
itself, but the light that has reached the expansive ter- 
mination of the optic herve'V Kveii if this wore so, 
we do not see why we should hot ^perceive the positi(»n 
of the impression on tliis exj>anded nerve. But as we 
have already said, the impression on tlie nerve is the 
means of vision, and enables us to assign a place, or at 
least a direction, to the object from which the light 
proceeds, and tlnis makes vision possible. Brown, in- 
deed, pursues his own peculiar view till he involv(\s 
the subject in utter confusion. Thus he says^®, ‘Ac- 
cording to the common theory [that figure can bo 
perceived by the eye,] a visible sphere is at once to my 
perception convex and plane; and if the splierc be a 
large •one, it js perceived at once to be a sphere of 


n Whek Brown says further (i>. 87), hlg drift is. Docs he doubt that there 
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many feet in diameter, and a plane circular surface of 
the diameter of a quarter of an inch.’ It is easy to 
deduce these and greater absurdities, if we proceed on 
his strange and baseless supposition that the object UnU 
the image on the retina are hath perceived. But who 
is conscious of the image on the retina in any other 
way than as* he sees the object by means of it? 

Brown seems to have “ imagined that he was ana- 
lysing the perception of figure in the same manner in 
which Berkeley h^ analyzed the pefeeption of distance. 
He ought to hav^ recollcc^ that such an undertaking, 
to be successfuj, required him* to show what element 
he analyzed it into, Berkeley analyzed the perception 
of reipJ figure into the intei^pretafion of visible figure 
according to certain vules which ho distinctly stated. 
Brown analyzes* ^the perception of visible figure into 
no elements. Berkeley says, that we do not directly 
perceive distance, but that wo perc(jive something else, 
from which we infer distance, namely, visible figure 
and colour, and our own eftbrts in seeing; Brown says, 
that wo do not^see fegure, but infer it; what then do 
we sec, wl^ch we infer it from? To this he offers no 
answer. He asserts the seeming perception of visible 
figure to be a result ^of ** association ;’ — of ' suggestion.’ 

. But what meaning can we attach to this? Suggestion 
requires sometliing which suggests ; and not a hint is 
given what it is which suggests position. Association 
implies two things associated; what is the sensation 
which wo associate with form? What is that visual 
perception which is not figure, and which we mistake' 
for figure? What perception is it that suggests a square 
to the eye? What impressions are those which liave 
been*associated with a visible triangle, so that the 
revival of the impressions revives ^he notion of the 
triangle? Brown has nowhere pointed ^out suc^ per- 
ceptions and impressions; nor indeed was it possible 
for him to do so ; for the only visual perceptions which 
he allows to remain, those /)f colour, most assuredly do 
not suggest ^visible figures by their differences ; red is 
not ^sociated with square rather than with round, or 
with round rathe): than .square. On the contrary, the 
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eye, coiistmcted in a very complex and wonderful 
manner in order that it may give to us directly the 
perception of position as well as of colour, has it for 
one of its prerogatives to give us this information ; and 
tlie perception of the relative position of each part of 
the visilde boundary of an object constitivtes tlie per- 
ception of its apparent figure; which' faculty we can- 
not deny to the eye without rejfteting the pldin and 
constant evidence of our senses, making tlu^ mechanism 
of the eye unmeaning,* confounding the object with the 
means of vdsion, and rendering tlie Llental process 
vision utterly unintelligible. ♦ 

Having *sufiicienily ilij^ussed the ])roces.ses of poi'- 
coption, I now return'io the cDiisjdfimtion of the Ideas 
which these j»roccsses assume. 



CHAPTER III. 


Successive Attempts A'f the Scientific Applica- 
tion OF THE Idea of a Medium. 


I. TN what precedes, we have shown by various con- 

X 'sideratioiis tliat we lujcessar-ily and iinivei'sally 
assume the perception of secondaiy qualities to take 
j)lace by means of 'a medium inteijaceiit between the 
object find the person pei-ceiving. Perception is 
affected by varioiia pcculiarixies, accordiivjf to ^he 
nature of tlie cpiality perceived: but in all cases a 
medium is equally essential to the process. 

This principle, wlich, as we have seen, is accepted 
as evident by tfie common understanding of mankind, 
is confiimGd by all additional reflection and discipline 
of the mind, and is the foundation of all the theories 
which have been pn posed concerning the processes by 
wliich the perception takes place, and concerning the 
modifications (jf the qualities thus perceived. I'he 
medium, and the mode in which the impression is con- 
veyed through the medium, seem to be different for 
different qualities; but the existence of the medium 
leads to certain necessary conditions or alternatives, 
which have successively made their appearance in 
science, in the course of the attempts of men to theo- 
rize Concerning the piincipal second?^y qualities, sound, 
light, and heat. We must now point out some of the 
ways, at first imperfect and err(fiieou&\ in which the 
consequences of the fundamental assumption were 
traced. 

2. Sound . — In all caiTes the medium of sensation, 
wliHjever it. is, is supposed to produce the effect of con- 
veying secondary qualities to our perception by means 
of its primajiy quaJitie:^ It was conceived to operate 
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by the size, form, and motion of its parts. This is 
a fundamental principle of tlio class of sciences of 
which we have at present to si>eak. 

It was assumed from the first, as we have seen in 
the passiige lately quoted froii^ Aiistotle*, tliat in the 
conveyance of sounds the medium of communication 
was tlie air. But although tl^e first theorists wty-e ri^it 
so far, that circumstance diil not prevent their going 
entirely wrong wlnin they Irad fiirther to determine tlie 
nature of the process?. Ij was con<A)ived ^y Aristotle 
that the air acted after tthe* manner of a rigid body; — 
like a staff, wliich, receiving an impu&e at onp end, 
transmits it to tlie other.* Now this is altogether an 
erroneous view tif the manner wi |rhich the air con- 
veys tlie impulse by which sound is ^perceived. An 
approach was made to the true view* of this process, 
b}^ssimillitiug it to the diffusion of the little circular 
waves which are produced on tlie surface of still water 
when a stone is dropt into it. These little waves 
begin from the point thus disturbed, and run ouxwarJs, 
expanding on every side, in concentric circles, till 
they are lost. 'Pho propagation of st^und tlit'ough tlic 
aif- from the point where it is^x^roduced, was compared 
by Yitriivius to this diffusion df circular waves in 
wat(‘r; and thus the notion of a jiropagation of im- 
pulse by the wave^ of a fluid was introduced, in the 
jdace of tlie former notion of the imxmlse of an un- 
yielding body. 

But though, taking an enlarged view of the nature 
of the X)rogress of a wave, this is a just representation 
of the motion of air in conveying sound, we cannot 
sujiposo that the i)rocess was, at the i)eriod of A^liich 
we sjjeak, I'ightly understood. For the waves of w^atei* 
were contemidated only as affecting the surfactJ of tlic 
water* and as®the air has no surface, the communica- 
tion must take jilace by means of an internal motion, 
which ean bear only a remote and obscure resemblance 
to the waves which we see. * And even with regal’d to 
the waves of water, the mechanic by wlifch they are 
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produced and transferred was not at all understood ; so 
that the comfKirison employed by Vitnivius must be 
considei-ed rather as a loose analogy than as an e:jfao* 
sci«nitific explanation. 

No ooiTcct account of ; 3 uch motions was given, till 
the forinati<Ai of the science of Mechanics in modern 
times Ijad enabled pliilosophers to understand more 
distinctly the mode in which motion is proi)agated 
through a fluid, and to discei’u the forces wliich the 
process calls into’' play, se to' continue the motion 
once begun. Newkm intrbdmctl into this subject the 
exact ri^onnis conception of an Undulation, which 
is the true key to the expknati(?ii of impulses con- 
veyed tliroiigh a tl^Juh 

Even at the present day, the right apprclicnsion of 
the nature of afi Umlulation transmitted through a 
fluid is f(»und to bo very difficult for all pors^^ns ox||pt 
those whose minds htive been duly discijdined by iiuitne- 
imitical studies. When we sec a wave run along the 
surface of water, wd'aro apt t<.> imagine at first that a 
poi’tion of the fluid is transferred bodily from one place 
to another.' But' with a little ..consideration we may 
easily satisfy ourselves < that this is not so: for if wt' 
look at a field of stkuding co^n, when a breeze blows 
over it, wc see waves like those of water nin along its 
surface. Y'ct it is clear tliat in this case the sepamte 
stalks of com only bond backwaids and forwards, and 
no portion of the grain is really conveyed from one 
part of the field to the other. This is obvious even 10 
po])ular iipprelieiision. Thc^Iioet speaks of 

. *. . . The rye, 

^ Ttiat stoops its head when whirlwinds rave 
And springs again in eddying yrave 
As each wild gust sweeps by. 

Each particle of the mass in successio.i has a* smfJl 
motion backwards and forwards ; and by this means « 
large ridge made by many such particles runs along the 
mass to any distance. ThiS is the true conception of an 
undulation fin gencnil. 

Thus, when-ax Undulation Is propagated in a fluid, 
it is nrt maffer, but fdrmy which is transmitted from 
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inic j)lace to another. The particles along the line of 
each wave assume a certain arrangement, and this ar- 
naiyjement passes from one pai*t to another, the particles 
changing their places only within nan*ow limits, so as 
to lend tJiemselvcs successively to the arrangements by 
which the successive wave-s, and the intervals between 
the waves, arc formed. ^ 

When such an Undulation is propagated through air, 
the wave is coinixjsed, not, as in watei’, of j ►articles 
Avhich are higher thafi thj Jiest, bnt<nf paijiclcs which 
are closer to each other Ahan the resit.* The wave is not 
a ridge of elevation, but a line of coiAlcnsation; and 
as in water we have alternately elevated and depressal 
lines, wo have in air^Jinos alteipa^dy condensed and 
rarefied. And ilie motion of the paHichis is not, aaiii 
water, up and down, in a direction t?ansverscf to that 
of^he wave which runs*forwarda ; in the motion of an 
uiidulation through air the motion" of eiich }>tu*ticle is 
altoiiiately forwards jind backwards, while the motion 
of the uudiilation is constantly fbrwai’tis. 

This precise and detailed account of the Undulabory 
Motion of air by whicdi sound is transrnittAl was first 
given by ^^ewton. He further attempted to determine * 
the motions of the separate partis es, and to point out 
the force by which each piu*ticle affects the next, so as 
to continue the progress of the undulation once begun, 
'riie motions of each particle must be oscillatory; he 
jissunied the oscillations to be governed ])y the simj^lest 
law of oscillation which had come under tlie notice of 
mathematicians, (that of small vibrations of a i)endu- 
lum;) jind he proved that in this manner the forces 
which are called into play by the contnu^tion and 
expansion of the parts of the elastic fluid arc sufli as 
the continuance of the motion requires. 

Nelv ton’s puoof of the exiict law of Oscillatory Motion 
of the aerial particles was not considered satisfjietory 
by suc(^eding mathematicians ; for it was found that 
the same result, tlie developinent of forces adequate to 
continue the motion, would. follow if any other Is^w of 
the motion were assuihed. »Cramer *provcd this by»a 
sort of parody on Newton’s froof, in vjjiich, ,by the 
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alteration of a few phrases in this formula of demon- 
stration, it was made to establish an entirely different 
conclusion. 

But the general conception of an Undulation as pre- 
sented by Newton was, as from its manifest mechanical 
truth it coukl not fail to be^ accepted by all mathema- 
ticians; and in proportion as the methods of calcu- 
lating tlvo motions of fluids were further improved, the 
necessary consequences of this conc/^ption, in the com- 
munication of sound through air, wei-e traced by un- 
exceptionaljlc reftsoning. T£i% was especially df)nc by 
Euler and Ijagiange, whose memoirs on such motions 
of fluids are some of the ijiost admirable examples 
which exist, of refined mathematical methods ai)plied 
to the solution of difficult mechanical problems. 

But the great utep in the formation of the theoiy of 
sound was undoubtedly that which w^e hawft iioti||d, 
the introduction of the Conception of an Undulation 
such as we have Jittempted to describe it: — state, 
condition, or afrangjuient of the particles of a fluid, 
which is transferred from one part of space to another 
by means 'of small motions of the particles, altogether 
distinct from the movejpent of the Undulation itself. 
This is a conceptioi; which is not obvious to common 
ai)preheiision. It appears paradoxical at first sight to 
spciak of a large toave (as the tide-wave) naming up a 
river at the rate of twenty miles an liour, while the 
stream, of the river is all the while flowing downwanls. 
Yet this is a very common fact. And the conception 
of such a motion must be fully mastered by all wdu* 
would reason rightly concerning the mechanical trans- 
mission of imj)rossions through a medium. 

"We have described the motion of, sound as produced 
by small motions of the particle forwards ami back- 
wards, while the waves, or condensed and. rarefied lines, 
move constantly foiwards. It may be asked what riglit 
we have to suppose tlic motion to be of this kiiii^, since 
when sound is heard, no Such motions of the particles 
of ajr can 60 observed, even by refined methods of 
observation. Thus Bacon declares himself lagainst the 
hypothfjsis such a vibration, since, as he remarks, it 
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cannot be perceived in any visible impression upon 
the flame of a candle. And to tliis we reply, that the 
^uj^positiou of this Vibiution is made in virtue of a 
jtfinciple wliich is involved in the original assumption 
of a medium; namely, That a Medium^ in conveying 
Secondary qualities^ operates hy mea/oB oX its Primary 
qualities, the bulk, figure, motion, and other mechanical 
properties of its parts. Thi 3 is an Axiom be^tibging to 
the Idea of a Mec^urn. In viHue of this axiom it is 
demonstrable thattli® motiqja of thei^ir, when any how 
«listurbcd, must be such%s is supposed ill our acous- 
tical i*easoniiigs. For tiie elasticity of •the parts of the 
air, called into play by its expansion and contraction, 
lead, by a mechani(*il necessity, tjo such a motion as 
we have described. We may aad that, by proper con- 
trivances, this motion may be made.4»erce])tiblc in its 
v^ible efS^cts. Thus tiie theory of sound, as an im- 
})ression convoyed through air, is established upon 
evident geiuiral principles, although the mathema- 
tical calculations which are rej^uisite to investigate 
its consecpienccs are, some of tliem, of a very recon- 
dite kind. ^ *» 

3. Light . — ^The early atfjpmpts to explain Vision 
represented it as performed by i^ieans of material rays 
proceed! ng/rom the eje, by the help of wliich the eye 
felt out the form and other visible qualities of an 
object, as a blind man might do with liis staff. But 
this opinion could not keep its gi*ound long : for it did 
not even explain the fact that light is necessary to 
vision. Light, as a jieculiar medium, was next assumed 
as the machineiy of vision; but the mode in which 
the impression was conveyed through the medium was 
left undetermined^ and no advance was made towards 
sound theory, on that subject, by the ancients. 

In» inodeii^ timds, when the prevalent philosophy 
began to assume a mechanical turn (as in the theones 
of De^artes), light was conceived to be a material sub- 
stance which is emitted from luminous bodies, and 
. wliich is also conveyed from all bodies to the eye, so as 
to render them visible? The various changes of Sir^- 
tion by wliich the rays of lighit are affected, (reflection, 
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refiraotion, &c.,) Descartes explained, by consideiing the 
particles of light as small globules, which change their 
direction when they impinge upon other bodies, a<v 
cording to the laws of Mechanics. Newton, witn a 
much more profound knowledge of Mechanics tlian 
Descartes p(assessed, adopted, in the most mature of 
his speculations, nearly the same view of the nature of 
light ; ird endeavoured to show that reflection, refrac- 
tion, and other properties of light, ynight be explained 
as the effects whio?a certain forces, emanating from the 
particles of bodlfcs, produce ,upon the luminiferous 
globules. 

But' though some of the ^jroperties of light could 
thus ‘be accounted ,for by the assumption of pai-ticles 
emitted from luminous bodies, and reflected or refracted 
by forces*,' other properties came into view which would 
not admit of the same explansttion. The ]ihenomona 
of diffraction (the fringes which accompany shadows) 
could never be truly represented by such an hypothesis, 
in spite of many atteKii)ts which were made. And the 
colours of thin plates^ which show the rays of light 
to be affedoed by^an alternation of two different con- 
ditions at small interval along their length, led New- 
ton himself to incline, often and strongly, to some 
hypothesis of undulation. Tile double refractixm of 
Iceland spar, a phenomenon in itself very complex, 
could, it wjis found by Huyghens, be expressed with 
great simplicity by a cei-tain hypothesis of undula- 
tions. 

Two hypotheses of the nature of the luminiferous 
medium were thus brought under consideration; tho 
one representing Light as Matter emitted from the 
lumiAous object, the other, as Undulations propagated 
through a fluid. These two hypotheses remained in 
presence of each other during th6 whole of thu last 
centuiy, neither of them gaining any material advan- 
tage over tlie other, though tho greater part of ^the- 
maticians, following Newlfon, embiuced the emission 
theoiy. But at the beginning of the present centuiy, 
on, additional claims of phenomena, those of .the irder-- 
fermce pf twp rays of light, were brought under con- 



Vappucation op the idea of a medium. 329 

t4ideration by Dr Young; and these phenomena were 
strongly in favour of the undulatory theoiy, while they 
.were irreconcilable with the hyj)othesiH of emission. 
I^it had not been for the original bias of Newton and 
his school to the othei* side, there can be little doubt 
that from this period light as well as. sound would 
have been supposed to be propagated by undulations ; 
although in this case it was necessary to assiuhc as the 
vehicle of such undulations a special medium or ether. 
Several points of the pheiioinena.iOf vision no doubt , 
remainecl unexplained. Sy the unihilatory theory, as 
absor})tion, and the natural colours ofibodios; but such 
^ts, though they did pot confirm, did not evidently 
contradict the theofy of a Lumiyiferous Etlier; and 
the facts which such a theory tfid explain, it exjihuncd 
with singular happiness and aecuracjy! • 

But liefore this Unflulatory Theory could be gene- 
rally accepted, it was presented in an entirely new 
point of view by being combined with tlio facts of 
pola/rizatimi. The geuerfil idea af ]if)ltmzatiou must be 
illustrated hereafter; but we may here remark that 
Young and Fresnel, who liad adopted thvf undulatory 
theory, after being embarrassed for some time by the 
new fixets which were thus pref^uted to their notice, 
at last saw that theseYacts miglit be explained by con- 
ceiving the vibrations to be transverse to the ray, the 
motions of the particles being not }>ackwaids and for- 
wards in the lino in which the imimlsc travels, but to 
the right and left of that line. This conception of 
transverse vihratwns, though quite unfoi’eseen, had 
nothing in it which was at all difficult to reconcile 
with the general notion of an undulation. ‘Wo have 
described an un4ulation, or wave, as a certain \^oudi- 
tion or arrangement of the particles of the fluid succes- 
sively transfirred from one part of space to another : 
and it is easily conceivable that this arrangement or 
wave jnay be produced by a latcml transfer of the par- 
ticles from their quiescent •positions. This conception 
9- of transverse vibiutions being accepted, -.it was^found 
that the explanation (Jf the pheuoniQna of polarization 
and of those of interference* led to the samf theory 
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witli a correspondence truly wonderful ; and this coin- 
cidence in the views, collected from two quite distinct 
classes of phenomena, was justly considered as anr 
almost demonstrative evidence of the truth of tfiis 
undulatoiy theory. 

It remained to be considered whether the doctrine 
of transverse vibrations in a fluid could be reconciled 
with thAsprinciples of Mechanics. And it was found 
that by making certJiin supposition^ in which no in- 
herent improbability^ exiate/l, the 'hypothesis of trans- 
verse vibrations would oxplaiii jthe laws, both of inter- 
ference and of » polarization of light, in air and in 
crystals of all kinds, with a^surpi;izing feitility and 
fidelity. ^ ‘ 

Thus the TJndulatory Theoiy of Light, like the Un- 
dulatoiy ?L^heory ‘of Sound, is recommended by its con- 
formity to the fundiunental prificiifio of the Sfjcondary 
Mechanical Sciences, that the medium must be sup- 
posed to transmit its peculiar impulses according to the 
laws of Mechanics. Although no one had previously 
dreamt of qualities being conveyed through a medium 
by such a process^ yet when it is once suggested as 
the only mode of explainjng sonic of the phenomena, 
there is nothing to pi;event our accepting it entirely, 
as a satisfactory tlieoiy for all the known laws of 
Light. 

4. Jleat. — ^With regard to Heat as with regard to 
Light, a fluid medium was necessarily assumed as the 
vehicle of the propeHy. During the last century, thi i 
medium was suijposcd to be an emitted fluid. And 
many of the ascertained Laws of Heat, those which 
prevail with regard to its radiation more especially, 
were ^ell explained by this liypothesi;? ^ Other effects 
of heat, however, as for instiiuce latent Iieat^y and the 
change of con^tence of ln^dies*, wet o iioti^atisfactorily 
brought into connexion with the hypothesis j while ccni-- 


^ See^ the Accotiot of the Theory of Exchanges, Hiat. Ind. Sc. b. x. c. i. 
sect. 2. r 

> ib. c. ii. sect. 3. ** 4 Jh. c, U. sect ^ 
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duction^y which at first did not appear to result from 
the l^udamental assumption, was to a cei-tain extent 
•C3g[)layed as inteniiil radiation. 

But it was by no means clear that an Undulatory 
Theory of Heat might not be made to explain these 
phenomena equally well. Several philosophers inclined 
to such a theory ; and finaHy, Ampere showed that tlie 
doctrine that the heat of a body consists in tk^undula- 
tions of its partic’ies propagated by means of the undu- 
lations of a medium* mightibe so ac^ listed as to explain , 
all which the tlicory^of Emission doukl explain, and 
morex^ver to account for facts and law.t which were out 
of the reach of thsifc the(viy. About the s.ame*time it 
was discovered by Brof. Forb^^s and M. Nobili that 
radiant heat is, under certain circumstances, polarizefL 
Now polarization had been most sati.ifactoiilv'explained 
by mcanH of transvei'se undulations in the case of liglit ; 
while all attempts to modify the? emission theory sq as 
to include polarization in it, had been found ineffectual. 
Hence this <liscovery was jiistl)* consydtTed as lending 
great countenance to the opinion that Heat consists in 
the vibrations of its proper medium. • 

But what is this medium , Is it the same by which 
the impressions of Light arc corj^^eyed? Tliis is a diffi- 
cult question; or rather it is one which wo cannot at 
jirescnt hope to answer with certainty. No doubt the 
couiu?xion between Light and Heat is so intimate and 
constant, that we can hardly refrain from considei'ing 
them as affections of the same medium. But instead 
of attempting to erect our systems on such loose ami 
general views of connexion, it is i*ather the business of 
the philosophers of the present day to determine the 
laws of the operation of heat, and its real relation to 
light, in order that we may afterwards be able to con- 
neef the thf^ries of the two qualities. Perhaps in a 
more advanced state of our knowledge we may be able 
to stAto it ixs an Axiom, that two Secondary Quiili- 
ties, which are intimateiy^ connected in their causes 
and effects, must be affections‘»of the ramo Medium. 


^ c. L Sbet 7. 
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But at present it does not appear safe to proceed 
upon such a principle, although many writers, in their 
speculations both conceming J Jght and Heat, and con-« 
coming other pi*opcrtics, liave not hesitated to do so. 

Some other consequences follow from the Idea of 
a Medium which must be the subject of another 
chaj)ter. 



CHAPTER IV. 


Of the Measure of Secondary Qualities. 


Sect. I. — Scala oJ^Qualitia8%n generaL 

m 

T he ultimate o\)ject of on r investigation in •each of 
the Secondary Mechanical Sciences, is the ^lature 
of the pi'ocosses l>y which the* ajtecial impressions of 
sound, light, and heat, are conveyed and the modifi- 
cations which thes(3»]n*oce8se3 are susceptible. And 
of this investigation, as w(} havjc seen, the necessary 
basis is the |>rhici})Ie, tliat tliese impressions are trans- 
mitted by means of a medium. * But befoi'e we anive 
at this \iltimate object, we may find it ncccssaiy to 
occupy oTirseJves with several iutermedi»te objects: 
before we discover tfie caus^, it may be nccessaiy to 
determine the lav^s of the pliciibm^na. Even if wo cannf)t 
immediately ascertain*the mechanism of light or hejit, 
it may still be intorestiug and impoi’tant to an-ange 
and measure the effects which w'e observe. 

The idea of a Medium affects our proceeding in tliis 
rcsc^arch also. We cannot nujasure Secoiuhiry qualities 
in tJie same manner in which we measure Primary 
qualities, hy a mere addition of parts. There is this 
leading and remarkable difference, that wdiile both 
classes of qualities are susceptible of changes of magni- 
tude, primaiy qualities increase by addition of exten- 
sioTif secondsyy, by augmentation of hdeuMtij. A space 
is doubled when another equal space is placed by its 
side ; ^one weight joined to another makes up the sum 
of the two. But when o»e degree of warmth is com- 
bined with another, or one sht\do of re^ colour with 
another, we cannot in like manner talk of thfe auvt. 
llie coinponent parts do nnt evidently retain their 
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separate existence ; we cannot separate a strong green 
colour into two weaker ones, as we can separate a large 
force into two smaller. The increase is absorbed into^ 
the previous amount, and is no longer in evidence a& a 
part of the whole. And is the difference which 
has given birth to the two words extended^ and Wr 
tease. That is extended which has ‘partes extra 
partes,’ outside of parts: that is intense which 
becomes sponger by some indirect and unapparent 
increase of agency,^ like the stretching of the internal 
springs of 1* marhine, as' the term intense implies. 
Extended magnitudes can at will be resolved into the 
parts of which they were oinginally composed, or any 
other which the nature of their extension admits; their 
proportion is ap)iar<iitj they are directly and at once 
subject t<:\ the relations of number. Intensive magni- 
tudes cannot be resolved into srialler magnitiidea; we 
can see that they differ, but we cannot tell in what 
proportion; we have no direct measure of their quan- 
tity. How many tiiqes hotter than blood is boiling 
water? The anf^wer cannot be given by the aid of our 
feelings of Ir^at alone. 

The difference, as we have said, is connected with 
the fundamental principle that wc do not perceive 
Secondary qualities directly, bitu through a Medium. 
We have no natural apprehension of light, or sound, 
or heat, as they exist in the bodies from which they 
lU'oceed, but only as they allcct our organs. Wc can 
only measure them, therefore, by some JS'cale supplied 
by their effects. And thus while extended magnitudes, 
as space, time, are measurable directly and of them- 
selves; intensive magnitudes, as brightness, loudness, 
heat, ere measurable only by artificial means and con- 
ventional scales. Space, time, measure themselves; 
the repetition of a smaller space, or time, , while it .com- 
poses a larger one, measiu-es it. But for light and 
heat we must have Photometers and Thermometers, 
which measure sometliing which is assumed to be an 
indication of Jhe qualify in question. In the one case, 
the mode of applying the measure, and the meaning of 
the number resulting, are seen by intuition; in the 
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other, they are consequences of assumption and reason- 
ing. In the one case, tliey are UniU^ of which the 
extension is made up ] in the other, they are Degrees 
*by* which the intensity ascends. 

2. When we discover any pro2)erty in a sensible 
quality, which at once refers us to number or space, 
we reixdily take this proj)erty as a measure; and thus 
we make a transition from i][uality to quantj^v^^ Thus 
Ptolemy in the third chapter of th(i Fii*st Book of his 
Harmonics begins Uius : ‘ As to tj^e differences which 
exist in s(juiids both in Ijxlality and^iu qiMntky, if we * 
consider that difference which refers io the acuteness 
and graveuess, we cannot at once tcH to wliiek of the 
above two classes ib belongs, till we have considered 
the causes of such synii>toins.’ ' Bfit at the end of the 
(diapter, having satisfied himself y^at graye sounds 
result frqpi the magniicide of the string or 2>ipe, other 
things being equal, he infers, jThus the diliereucc 
of acute and gi-ave ai)pears to be a dificr-ence of 
quantity' 

In the same manner, in oi*dcr Uf form 8ccou«]ary 
Mechanical Sciences res|wcting any of th-ji other pro- 
2)eriios of bodies, we \nust rjduce tfie«o properties to a 
de])endcnce iq>on quantity, aiid thus make them sub- 
ject to measurement. • We cannot obtain any sciential 
trutlis re,s])ccting the con^parison of sensible (jualities, 
till wc have discovered measures and scales of the 
qualities which wc have to consider ; and accordingly, 
some of the most iiri2»ortant stej^s in such sciences have 
been the establishment of such measures and scales, 
and the invention of the requisite instruments. 

The formation of the mathematical sciences which 
rest upon the measures of the intensity of sensible 
qualities took place mainly in the course of the last 
cenUuy. Perhaps •we may considei* Ltimbert, a mathe- 
matician who resided in Switzerland, and published 
about^ 1750, as the person who first clearly felt the 
importance of establisliin^ such sciences. His Photo- 
metry, Pyrometiy, and Hygroiyetiy, arg examples of 
the systematic reduction of sensible qualities *(lijjht, 
heat, moisture) to modes of numerical measurement. 
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We now proceed to speak of such modes of measure- 
ment with :regard to tlie most obvious properties of 
iK>dies. 


Sect. IT. — TM Mudcal Scale, 

3. The establishment of the Hamionic Canon, that 
is, of a Scale and Measure ^f the musical place of notes, 
in the r^ntion of high and loio, was the first step in the 
science of Harmonics. The pcrcf?ption of the difter- 
eucos and rtiatioiij^ of musical sf)unds is the oflice of 
the sense of hearing; but these *j-elatioi is are fixed, and 
rendcrefl accurately recognizjible by artificial means. 

‘ Indeed, in all the senses,’ sai Ptolemy truly says in 
the opening of his olt.M’monics, ‘ the sense discovei's 
wliat is fippj’oxiniatcly true, and I’eceives accuracy 
from another <piarti‘r : the roasop receives the approxi- 
mately- time from another rjuartor, and. discovei's tlio 
accurate truth.’ We Ciin have no measures of sensible 
qualities which do not ultimately rcfei* to the sense ; — 
whether they dU- this immediately, as when W'e refer 
Colours to assumed 8tandai*d ; or mediately, iis 'when 
we measure llect' by Expansion, having previously 
found l)y an <M]>peal to ^ense that the expansion iu- 
crease.s with the Ji(*at. Such » relations ot* sensible 
qualities cannot be describ^^d in words, and can only 
be ai)proheiid(*d by their appropriate faculty. The 
faculty by wdiicli the i*elations of sounds ai'e appre- 
hended is a /mis leal in the largest acceptation 

of the tenn. In this sigidfication the fiiciilty is nearly 
universal among men; for jill persoii6{.luivc musical 
oars sufficiently delicate to undej'staud and to imitate 
the m< 4 dulations corresponding to various emotions in 
speaking; which modulations depend upon the succes- 
sion of acuter and graver tones. These are the gela- 
tions now spoken of, and these are plainly perceived 
by persons who have very imperfect musical ears, 
according to the common use of the phi*ase. Biit the 
relations of tones which occur in speaking are some- 
what indcfiiute; and in foimUig that musical scale 
which is the basis if our science upon the subject, we 
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take the most definite and marked of suoh relations of 
notes; such as occur, not in sjjeaking hut in singing. 
JThose musical relations of two sounds which we call 
th6 ocAivey the fifths the fourth^ the thi/rdi are recognized 
after a sliort familiarity with them. These chords or 
intervals are perceived to have each a peculiar charac- 
ter, which separates them from the relations of two 
^unds taken at random, and makes it casf to know 
"^them when sung oj" played on an instrument ; and for 
jiiost persons, not dilficult sing the sounds in succes- 
sion exactly,* oi* nearly cotnect. Thcs« musical relations, 
or concords^ then, are the groundwork* of our musical 
.series of sounds. JLlut l^ow are we t6 name tfiese in- 
describable sensible character’s? hqjv to refer, with un- 
erring accuracy, to a type which* exists only in our 
own percejjtions ? We must liavc fW: this puri)ose a 
Scale anc;^ a Standard. • 

Tlie Musical Scale is a series of eight notes, ascend- 
ing by certain steps from the first or key-note to the 
octavo above it, each of the note» bcii^ fixed by such 
distinguishable musical relations as we have spoken of 
above. We may call these notes c,^, e, if o, a, b, c; 
and we may then say lhat g is^ determined by its being 
a fifth above c ; n by its being a foui*th below g ; e by 
its being a third abo^e c; and similarly of the i-est. 
It will be recollected that the terms a fifths a fourth, a 
third, have hithei’to been introduced as expressing 
certain simple and indescribable musical relations 
among sounds, which might -have been indicated by 
any other names. Thus we might call the fifth the 
dmainant, and the fourth the suhdomlnant, as is done 
in one pai-t of musical science. But the names we 
have used^ wliicl^ ai’o the common ones, are ii! fact 
derived from the number of notes which these inter- 
vals include ra the Scale obtained in the above manner. 
The notes, c, d, e, f, g, being five, the interval from c 
to G is^a fifth, and so of the rest. The fixation of this 
scale gave the means of ctescribing exactly any note 
which occurs in the scale, and»the metbod is ^sily 
applicable to notes above and below Jhis range; for in 
a series oi sounds higher or Ibwer by a^ji octaye than 
VOL. L z 
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this standard series, the car discovers a recurrence of 
the same relations so exact, that a person may some- 
timcMs imagine he is producing the same notes as an- • 
other when he is singing the same air an octave higher. 
Hence the next eight notes may be conveniently de- 
noted by a repetition of the same letters, as the first ; 
thus, o, D, E, F, o. A, B, c, €,/ gr, h ; and it is easy 

to devise a. continuation of such cycles. And other ad- 
missible notes are designated by a fuHlier modification 
of the standard om % as by makifig each note flat or 
sliarp; whicSi modification it is not necessary here to 
consider, since our object is only to show how a standard 
is attainable, and' how it scivcs the ends of science. 

We may observe, fhowever, thau the above is not an 
exact account of tlie iirst, or early Greek scale ; for 
that scaled was foVnded on a primary division of the 
interval of two octaves (the extreme range , which it 
admitted) into five tetrachordsy each tetrachord in- 
cluding the intemil of a fourth. All the notes of 
this series had difterent names borrowed from tliis 
division^ j thus mese was the middle or key-note; the 
note below It was ^eftanos mestuy the next below was 
parypeute mcso/i,''thc next lower, hypate The 

fifth above mese was diazeugjmiioiiy the octave wjis 

'mte hyperholm67i, ‘ 

4. But supposing a complete system of such deno- 
minations established, how could it be with certainty 
and rigour applied? The human ear is fallible, the 
organs of voice imperfectly obedient; if tliis were not 
so, there would be no such thing as a good ear or a 
good voice. What means can be devised of finding at 
will a perfect concord, a fifth or a fourth? Or sup- 
posing such concords fixed by an acknowledged autho- 
rity, how can they be referred to, and the authority 
adduced? How can we enact a Stitndard of sounds? 

A Standard was discovered in the Mmiochord, A 
musical string properly stretched, may be made to pro- 
duce different notes, in proportion as we intercept a 
longer or shorter portion, and make this portion vi- 


> 3umey'B EigUiry ofJUusiOy voL L p. 98. 
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brate. The relation of tlie length of the strings which 
thus sound the two notes G and c is fixed and constant, 

, and the same is true of all other notes. Hence the 
musical interval of any notes of which we know the 
places in the musical scale, may be reproduced by mea- 
suring the lengths of string which are known to give 
them. If c be of the length 180, n is 160, e is 144, f 
^35? ^ is 120; and thus the musical rdiatioiis are 
reduced to numeisical relations, and the monochord is 
a complete and peribct To^anieter.^ ^ ^ 

We have here takers tlie length df the string as the 
measure of the tone : but we may obsftive that there is 
in us a necessary tende4cy to assume* that the ground 
of this measure is t<tbe sought^ in. some ulterior* cause; 
and when we consider the matter further, we find this 
cause in the frequency of these vibrgiJions of1;hc string. 
Tlie truih that the ^une note must result from the 
same fretpicncy of vibration is readily assented to on 
a sliglit suggestion of experience. Thus Mersenne®, 
when he undei'takes to detcmiine yie froquonev’ of 
vibrations of a given sound, says ‘ Supponendum est 
quoscuncpic iiervos et quaslibet chovdas uifisonum facL- 
eiites cundem efiioere numen^m recufsuum codem veJ 
equal i t(*mpore, quod perpetua constat experienti^’ 
And he proceeds to apply it to ciises where experience 
could not verify this assertion, or at least had not 
verified it, as to that of pipes. 

The pursuit of these numerical relations of tones 
forms the sciejico of Harmonics; of which here we do 
not pretend to give an account, but only to sliow, how 
the invention of a Scale and Nomenclature, a Standard 
and Measure of the tone of sounds, is its necessary 
basis. Wc will, therefore now proceed to sp^k of 
another subject ; colour, 

• • * 

Sect. III . — Scales of Colour, 

5. TJie PrisTTvatic Scafe of Colour , — A Scale of 
Colour must depend originally » upon dkTerencqp dis- 


Harmonia, lib. tl prop. iq. « 
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cemible by the eye, as a scale of notes depends on 
differences perceived by the ear. In one respect the 
difficulty is greater in the case of the visible qualities, « 
for there are no relations of colour which the eye pecu- 
liarly singles out and distinguishes, as the oar selects 
and distinguisdies an octave or a fifth. Hence we are 
compelled to take an arbitiiuy scale ; and we have to 
find one which is fixed, and which includes a proper 
collection of colours. The prianuxtic^ spectrum^ or co- 
f loui'ed image j>roduccd whema small beam of light passes 
obliquely through hny transparegat surface (as the sur- 
face of a prism of glass,) offers an obvious Standard as 
fiir as it is applicable. Accoirfingly colours have, for 
various purposes, bean designated by their place in the 
spectrum, ever since the time of Newton ; and wo have 
thus a inl:ans of iefeiring to such colours as are in- 
cluded in the scries red^ orange, yelloWy gram, blvs, 
violet, indigo, and the intermediate tints. 

But this scale is not capable of numerical precision. 
If the spectnim ^ould^be exactly defined as to its ex- 
tremities, and if these colours occupied always the 
same proportional « part of it, wq miglit describe any 
colour in the above serie® by the measure of its posi- 
tion, But the fact is otherwise. The spectrum is too 
indefinite in its boundaries to aiford any distinct point 
from which we may commence our measures; and 
moreover the spectra produced by different transparent 
bodies differ from each other. Newton had supposed 
that the spectrum and its parts were the same, so long 
as the refraction was the same; but his successors 
discovered that, with the same amount of refraction in 
different kinds of glass, there are different magnitudes 
of the spectrum ; and what is still wojse with reference 
to our present puq)ose, that the spectra from different 
glasses have the colours distributed in different prf)por- 
tions. In order, therefore, to make the spectrum the 
scale of colour, we must assume some fixed substance ; 
for instance, we may take*" water, and thus a series 
apprermhing to the colours of the rainbow will be our 
standard. But we should still have an extreme diffi- 
culty ini appl^ring such*a rule. The distinctions of 
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colour which the terms of common language express, 
are not used with perfect unanimity or with rigorous 
precision. What one person calls Uuieih green another 
calls greenish blue. Nobody can say what is the precise 
boundaiy between red and orange. Thus the prismatic 
scale of colour was incapable of mathematical exactness, 
and this inconvenience was felt up to our own times. 

But this difficulty was removed by^a •uiious dis- 
covery of Wollaston and Fraunhofer; who found that 
there are, in the Solar spectrum^ certain fine blacky 
Lines whicli occupy ^definite pl^ce in* the series of 
colours, and can be observed with ^rfect precision. 
We have now no unciertainty as lo what coloured 
light we are speakitfg of, wheq vfie describe it as that 
part of the spectrum in which Fraunhofer’s Line c or 
D occurs. And thus, by this discovery, thtf prismatic 
spectrum of sunlight l^ecame, tor certdn purposes, an 
exact ChroTnatometer. 

6. NewtmCs Scale of Colours, — Still, such a stand- 
ard, though definite, is arbitrary ar^ seemingly ano- 
malous. The lines a, b, c, d, &c., of Fraunhofer’s 
spectrum ai’e distributed without any apparent order 
or law; and we do not, in^Jns way, ‘obtain numerical 
measures, which is what, in all cases, we desire to 
have. Another discovery of Newton, however, gives 
us a spectrum containing the same colours as the pris- 
matic spectrum, but produced in another way, so that 
the colours have a numerical relation. T speak of the 
laws of the Colours of Thin Plates, The little minbows 
which we sometimes see in the cracks of broken glass 
are governed by fixed and simple laws. The kind of 
colour produced at any point depends on the thickness 
of the thin plate, of air included in the fissure. •If the 
thickness be eight-millionths of an inch, the colour is 
oraifge, if fifteen-rSillionths of an inch, we have green, 
and so on; and thus these numbers, which succeed each 
othen in a regular order from r^ to indigo, give a 
numerical measure of each Colour; which measui'c, when 
we pursue the subject, we find ii one of the base^ of all 
optical tjieory. The*series of colours obtained ftom 
plates of air of gradually indreasing thipknes^ is called 
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JS'efwUyrCs Scale of Colours; but we may observe that 
this is not precisely what we are here speaking of, a 
scale of simple colours; it is a series produced by 
certain combinations, resulting from the repetition of 
the hrst spectrum, and is mainly useful as a standard 
for similar phenomena, and not for colour in general. 
The real scale of colour is t9 be found, as we have said, 
in tlie nuiiibers which express the thickness of the 
producing film; — in the length of a Jit in Newton’s 
f,^)hraseology, ^ or the^ lengthy of an* modulation in the 
modem theory. *' - ‘ 

7. Scales of Impure Colours, — ^The standards just 
spoken of include "(mainly at least) only pure and simple 
colours; and however cpmplcte thfesc standards may be 
for cert^n objects of the science of optics, they are iu- 
siiificieiit fijr other«purposes. They do not enable us to 
put in their place mixed and Impure colouiw. And 
there is, in the case of colour, a difficulty already 
noticed, which does not occur in the case of sound ; 
two notes, when pounded together, are not necessarily 
heard as one ; they are recognized as still two, and as 
forming a edneord or a discord. But two colours form 
a single colour; and the ..eye cannot, in any way, dis- 
tinguish between a green compound of blue and yellow, 
and the simple, undegoraposablc green of the vspectrum. 
By composition of three or more colours, innumerable 
new colours may be generated which form no part of 
the prismatic series; and by such comj)ositions is 
woven the infinitely varied web of colour which forms 
the clotliing of nature. How are wc to classify and 
arrange all the possible colours of objects, so that each 
shall have a place and name? How sliall wc find a 
chromhtonieter for impure as well as for pure colour? 

Though no optical investigations have depended on 
a scale of impure colours, such a scaTo hasibeen wanted 
and invented for other purposes ; for instance, in order 
to identify and describe objects of natural history. 
Not to speak of earlier essaj^s, we may notice Werner’s 
Nomenclature^ of Colours, devised for the purpose of 
describing minerals. This scale df colour was .far supe- 
rior to viy wjiich had i^reviously been promulgated. 
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It was, indeed, arbitrary in the selection of its degrees, 
and in a great measure in their arrangement ; and the 
^colours were described by the usual terms, though 
ggneiMy with some added distinction; as hlacMsh 
grem^ bluish grecn^ apple-greeuy eimrald-green. But 
the great merit of the scale was its giving a faced con- 
ventional meaning to these terms, so that they lost 
much of their usual vaguehess. Thus app^-green did 
not mean the colour of any green apple casually taken ; 
but a certain definite colour whicj;i the student was to 
bear in inihd, whether •cjf not lie shad bver seen an^ 
apple of that exact hu^. The words w^re not a descrip- 
tion, but a record^ of the colour : tlie memory was to 
retain a sensation^ r¥)t a name. , 

The imjicrfection of the system (arising from its 
firbitraiy form) was its incomplctei^ess : ho^vever well 
it sorve^ for the re for unco of the colours which it did 
contain, it was applicable to no others; and thus though 
Werner^s enumeration extended to more than a him- * 
dred colours, there occur in ^ature a still greater 
number which cannot be exactly deSciibed by means 
of it. ^ ‘ # 

In such cases the \inclassed colour 4 s, by the Werne- 
rians, defined by stating it* as intennediate between 
two others : thus we* have an object described as 6 e- 
tvjeen emerald-green and groM-green, The eye is 
capable of perceiving a gradation from one colour to 
another ; such as may be produced by a gradual mix- 
ture in various ways. And if we image to ourselves 
such a mixture, we can compare with it a given colour. 
But in employing this method we have nothing to tell 
us in wliat part of the scale we must seek for an approxi- 
mation to our unclassed colour. We have no 'lule for 
discovering where 'we are to look for the boundaries of 
the^definitiijn of colour wliich the Wernerian series 
does not supply. For it is not always between con- 
tiguous members of the series that the undescribed 
colour is found. If we«placo emerald-green between 
apple-green and grass-green, we may yet have a colour 
intermediate between emerald-green and leeK-green; 
and, in lact> the Wernerian series ol colours is destitute 
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of a principle of self-arrangement and gradation ; and 
is thus necessarily and incurably imperfect. 

8. We should have a complete Scale of Colours, 
if we could form a series including all colour^ and 
arranged so that each colour was intermediate in its 
tint between I^Jie adjacent terms of the series ; for then, 
whether we took many or few of the steps of the 
series for ^>ur standard terms, the rest could be sup- 
plied by the law of continuity ; and^any given coloiu: 

, would either correspond to one of the steps of our scale 
or fall betwe'en two intermedikte ones. The invention 
of a ChromatonE.eter for Impure Colours, therefore, 
requires that we should be a-ble tq form all possible 
colours by such intermediation iu a systematic man- 
ner; that is, by the inixture or combination of certain 
elementary coloui^* according to a simple rule: and 
we are 1^ to ask whether such a process ^as been 
shown to be possible. 

The colours of the prismatic spectmm obviously do 
form a continuous series; green is intermediate be- 
tween its neighbours yellow and blue, orange between 
red and yelluw; anfl if we suppose the two ends of the 
spectrum bent round to m^et eacJi other, so that tlie 
arrangement of the colours may be circular, the violet 
and indigo will find their appr6priate place between 
‘che blue and rod. And all the interjacent tints of 
the spectrum, as well as the ones just named, will 
result from such an arrangement. Thus all the 'pure 
colours are produced bv combinations two and two of 
three primary colours, Ked, Yellow, and Blue : and the 
question suggests itself whether these three are not 
really the only Primary Colours, and whether all the 
impure^ colours do not arise from mixtures of the three 
in various proportions. There are various modefiT in 
which this suggestion may be applied to the construc- 
tion of a scale of colours; but the simplest, and the one 
which appears really to verify the conjecture th^t all 
possible colours may be so exhibited, is the following. 
A certain con^binatioui of red, yellow, and blue, will 
produce black, or pure grey, and when diluted, will 
give all slices of grby which intervene between 
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black and white. By adding various shades of grey, 
then, to pure colours, we may obtain all the possible 
,tema^ combinations of red, yellow, and blue; and in 
this way it is found that we exhaust the range of 
colours. Thus the circle of pure colours of which we 
have spoken may be accompanied by .several other 
circles, in which those colours are tinged with a less or 
greater shade of grey; and in this manner is found 
that we have a p^ect chromatometer ; every possible 
colour bein^ exhibil^d eitljcr exa^atly or by means of 
approximate and contigifows limits. • Thc*arrangement 
of coloui's has been brought into thi* final and com- 
plete form by M..Meri|p 6 c, whose Chromatic Scale is 
published by M. Mirbel in his Iffleitwnts of Botany, 
We may observe that such a* Bthndard affords us a 
numerical exponent for every coloi^i* by means of the 
proporthiQS of the thj?ee primary colours which com- 
pose it ; or, expi’cssing the same result otherwise, by 
means of the pure colour which is involved, and the 
proportion of grey by which it la rend^ered impure. In 
such a scale tlie fundamental elements would bo the 
precise tints of red, yellow, and blpe wlii^h arc found 
or assumed to be primary ; numerical exponents of 
each colour would depend upon^ the arbitrary number 
of degrees which wc intei*pose between each two pji- 
mary colours; and between each pure cokmr and abso- 
lute blackness. No such numerical scale has, however, 
as yet, obtained general acceptation 


* The reference to Fraunhofer*$ 
lAneSy as a means of determining the 
place of a colour in t^e prismatic 
series, has been objected to, because, 
as Is Mserted, th%colouT^whlch are 
in the neighbourhood of each line 
vary with the position of the sun, 
state of *lthe atmosphere and tbe like.^ 
It is very evident that coloured light 
refracted by the prism wUl not give 
the same spectrum as white light. 
The qiectrum given by white light is 


of course the one here meant. It is 
an usual practice of optical experi- 
menters to refer to the cAours of 
such a spectrum, doHning them by 
Fraunhofer’s Lines. 

1 do not know whether it needs 
explanation that the * first spectrum’ 
in Newton's rings is a ring of the 
prismatic colours. 

I hfcvo not had*an opporiimlty of 
(X)nsultiDg> Lambert’s PAcfometrio, 
ttvc de mentura ft gradi^ luniwis. 
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Sect. IV . — Scales of Light. 

Q 

9. Photometer . — Another instrument much needecj^ 
in optical researches is a Phot(m.eter^ a measurd of the 
intensity of light. In this cfise, also, the organ of sense, 
the eye, is tl^e ultimate judge ; nor has any effect of 
light, as light, yet been discovered which we can sub- 
stitute fo^ such a judgment. All instruments, such as 
that of Leslie, which emidoy the heating effect of light, 
or at least all that have hitherto been proposed, are 
inadmissibld' as photometer^ But though the eye can 
judge of two su^aces illuminated by light of the same 
colour,' and can determine when, they are equally 
bright, or which is the brigfitoB, the eye can by no 
means decide at sight the proportion of illumination. 
How much in su^h judgments we are affected by con- 
trast, is easily seen when we consider how different is 
the apparent brightness of the moon at mid-day and at 
midnight, though the light which we receive from hei’ 
is, in fact, the same ajb both periods. In order to apply 
a scale in this *case, we must take advantage of the 
known nuiierical relations of light. We are certain 
that if all other illumination be excluded, two equal 
luminaries, under the same circumstances, will produce 
an illumination twice as great? as one does; and we 
*■ can easily prove, from mathematical considerations, 
that if light be not enfeebled by the medium through 
which it passes, the illumination on a given surface 
will diminish as the square of the distance of the lumi- 
nary increases. If, therefore, we can by taking a frac- 
tion thus known of the illuminating effect of one 
luminary, make it equal to the total effect of another, 
of wirich equality the eye is a competent judge, we 
compare the effects of the two luminaries. In order to 
make this comparison we may, with Ruipford, hvik at 
the shadows of the same object made by the two lights. 


eolorum, H published in 1760, * present work is not intended to be 

norMajPcr’sCommcntafiode.^Tiitote complete as a histoiy; and I hope I 
Co^orwn, (1758), in whicl;, 1 believe, haye''given sufficient historical detail 
he describe a chrpinatometer. The to answer its philosophical purpose. 
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or with Bitchie, we may view the brightness produced 
on two contiguous surfaces, framing an apparatus so 
Xhat the equality may be brought about by proper 
adjustment ; and thus a measure will become practica- 
ble. Or we may employ other methods as was done 
by Wollaston ^ wlio reduced the light oi’ the sun by 
observing it as reflected f^om a bright globule, and 
thus found the light of the sun to be 1 0,000,000,000 
times that of Siriim, the brightest fixed star. All these 
methods are maccurifto, cve^i as methods of compari- % 
son ; and do not oflfer ^y -fixed or cftnvenicnt numeri- 
cal standard; but none better have yet been devised*. 

10. Cj/anometeTK — A% we thus measure the *liinght- 
ness of a colourless light, we may measure the intensity 
of any particular colour in the sahie way ; that is, by 
applying a standard exhibiting the ^radatkais of the 
colour iiiiquestion till find a shade which is seen to 
agree with the proposed object. ‘ Such an instrument 
we have in the GyanormteVy which was invented by 
Saussure for the purpf)se of meauuring^the intensity of 
the blue colour of the sky. Wo may introduce into 
such an instniment a nuinerjcal scah^, but the numbem 
in such a scale will be altog^A^ier arbitl*ary. 

• • 

Sect. V. — Scales of lleat. , 

1 1. Th^irmoimMrs , — ^W hen wc proceed to the sensa- 
tion of heat, and seek a measure of that quality, we 
find, at first sight, new difficulties. Our sensations of 
this kind are more fluctuating than those of vision ; for 
we know that the same object may feel warm to one 
hand and cold to another at the same instant, if the 
hands have been previously cooled and warmed ifespcc- 
tively. Nor can we obtain here, as in the case of light, 
self-cwident i^merihal relations of the heat communi- 
cated in given circumstances ; for we know that the 


* Phil. Trails. 1820, p. ig. 

s Improved Photometers havejwen hell; ^)ut they depend upcsi prin- 
devlsed by Professor Wheatstone, eij^lcs slmllliir to tliose mentionetyin 
Professor Potter, and Professor Stein- the text ^ • 
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effect so produced will depend on tlie warmth of the 
body to be heated, as well as on that of the source of 
.heat; the summer sun, which warms our bodies, wilh 
not augment the heat of a red-hot iron. The cause of 
the difference of these cases is, that bodies do not 
receive the whole, of their heat, as they receive the 
whole of their light, from, the immediate influence of 
obvious ertenial agents. There is no readily-discovered 
absolute cold, corresponding to the. absolute darkness 
which we can easily prodt^ce or ‘imagine., Hence we 
sliould be greatly ^it a loss to (Revise a Thernrwmeterj if 
we did not find* an indirect effect of heat sufficiently 
constaiit and measurable to apswer^this purpose. We 
discover, however, ,such an effect in the expansim of 
bodies by the effect *^of heat. 

12. Many <d)V.ous phenomena show that air, under 
given circumstances, expands hj the effect of^ieat; the 
same is seen to be tnie of liquids, as of water, and 
spirit of wine ; and the property is found to belong also 
to the metalliq fluid, quicksilver. A more careful 
examination showed that the increase of bulk in some 
of these bdUies by increase of Heiit was a fact of a 
nature sufficiently consjbant and regular to afford a 
means of measuring that previously intangible quality ; 
and the Thermometer was inventecl. There were, how- 
* ever, many difficulties to overcome, and many points 
to settle, before this instrument was fit for the purposes 
of science. 

An explanation of the way in which this was done 
necessarily includes an important chapter of the histoiy 
of Thermotics. We must now, therefore, briefly notice 
historically the progress, of the Thermometer. The 
leading steps of this progress, after the first invention 
of the instrument, were — ^The establishment ofjixed 
points in the thermometric scale— ^Tho comparison of 
the scales of different substances — And the reconcile^ 
ment of these differences by some method of« inter- 
preting ihem as indication&f of the absolute quumtUy of 
hmt. ^ • 

^.^3. It would* occupy too ihuch space to give in 
detail tlje hife^ry of the^successive attempts by which 
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these steps were effected. A thermometer is described 
by Bacon under the title VUrum Calendars^ this was 
jin air thermometer. Newton used a thermometer of ^ 
lin%eed*oil, and he perceived that the* first step requi- 
site to give value to such an instrument was to fix its 
scale; accordingly he proposed his Sccda Graduum 
Calor{^\ But when thermometers of different liquids 
were compared, it appeared* from their dis^epancies, 
that this fixation of the scale of heat was more difficult 
than had been supposed. It was.^ however, effected. , 
Newton had* taken freezing water, »r ratAer tliawing 
snow, as the zero of hii scale, wliich is really a fixed 
point; Halley and^Amontons discovered (in 1693 and 
1702) that the heat of Wling water is another, fixed 
point; and Daniel Gabriel Fahfenlieit, of Dantzig, by 
carefully applying these two standard^points, produced, 
alx>ut 1 7 J4, thermometers, which were constantly con- 
sistent with each other. This result was much admired 
at the time, and was, in fact, the solution of the 
problem just stated, the fixatUm qf tlie scale of lieal. 

14. But the scale thus obtained i# a conventional 

not a natural scale. It depends upon the liuifl employed 
for the thermometer. * The pregress ofi expansion from 
the heat of freezing to that of boiling water is differ- 
ent for mercury, oil, water, spirit of wine, air. A 
degree of heat which is half-way between these two ' 
standard points according to a mercurial thermometer, 
will be below the half-way point in a spirit tliermorac- 
ter, and above it in an air thermometer. Each liquid 
has its own rtmreh in the course of its expansion, Deluc 
and others compared the marches of vaiious liquids, 
and thus made what we may call a corhcordance of ther- 
mometers of various kinda » 

15. Here the question further occurs : Is there not 
mmo^riMural^Tnmsnre of the degrees of heat? It ap- 
pears certain that there must be such a measure, and 
that bv means of it all the scales of different liquids 
must be reconciled. STet ihis does not seem to have 
occurred at once to men’s mind^ Delu^ in speaking 


• PhUU Trm^ X701, 
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of the researches which we have just mentioned, says^, 

‘ When I undertook tliese experiments, it never once 
came into my thoughts that they could conduct 

* with any probability to a table of real degrees (fi h&it. 
But hope grows with success, and desire with hope.’ 
Accoi*dingly he pursued this inquiry for a long course 
of years. 

What giVO the principles by which wc are to be 
guided to the true measure of heat^ Here, as in all 
the sciences of thi^ class, we have the general princi- 
ple, that thtf secondary quality-, Heat, must be supposed 
to be perceived in some way a material Medium or 
Fluid. • If we take that which is, perhaps, the simplest 
form jof this hy\)othesis, thaf the heat depends upon 
the quantity of this^fluid, or Caloric, which is present, 
we slmll^find tl^j^t we are led to joropositions which 
may serve as a foundation fon a natural nj^surc of 
heat. The Method of Mixtures is one example of such 
a result. If we mix together two pints of water, one 
hot and one cold, is ^t not manifest that the tempera*, 
ture of the mixt^e must be midway between the two? 
Each of th^i two portions brings with it its own heat. 
The whole heat^or calori^ of the mixture is the sum 
of the two; and the h&it of each half must be the 
half of this sum, anA therefore! its temperature must 

• bo intermediate between the temperatures of the equal 
portions which were mixed. Deluc made experiments 
founded upon this principle, and was led by them to 
conclude that ‘the dilatations -of mercury follow an 
accelerated march for successive equal augmentations 
of heat.’ 

But there are various circumstances which prevent 
this nethod of mixtures from being so satisfactoiy as 
at first sight it seems to promise to So. The different 
capacities for heat of difterent substance^) and e\ien of 
the same substance at different temperatures, introduce 
much difficulty into the experiments; and this j^th of 
inquiry has not yet led to a satisfactoiy result. 


Modif, dB l*Aimo8plu p. 303. 
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. 16. Another mode of inquiring into the natui'al 

measure of heat is to seek it by researches 911 the lavj 

cooling of hot bodies. If we assume that the pro- 
cei^ of cooling of hot bodies consists in a certain ma- 
terial heat flying oft*, we may, by means of certain 
probable hypotheses, determine mathematically the law 
according to which the temperature decreases as time 
goes on ; and we may assunfe tlmt to be the J>rue mea- 
sure of temperatu^rc which gives to the experimental 
law of cooling the most simple and probable fonn. 

It appearj^ evident frctq'the mosi obvlbus concep- 
tions which we can fotm of the marmcr in which a 
body pai*ts with its ^superabundant heat, that the hotter 
a body is, the faster^ it* cools; though it is not cletir 
without experiment, by what Iffw «tho rate of cooling 
will depend U2)0n the heat of tli€^»body. , Newton 
took for granted the nidst simple and seemingly natu- 
ral law of tliis dc|)ondenco: he supposcjd the rate of 
cooling to be proportional to the temjjcrature, and 
from this supposition ho could df^duce the tempemture 
of allot iron, calculating from the original temi)eraturo 
and the titiio during Avhich it Iiad beeif c'loling. By 
calculation founded oli such^a basis,* Ijc gi'Jiduated his 
thermometer. 

17. But a little further consideration showed tliat 
the rate of cooling of a hot body de^iended upon the • 
tomiierature of the surrounding bodies, as well as u}Jon 
its own teiniieraturc. Provost’s Theory of Exchanges^ 
was iirojiouiidod with a view of exjdaining this depend- 
ence, and was generally accepted. According to this 
theory, all bodies radiate heat to one ant^ther, and are 
tlius constantly giving and receiving heat; and a body 
which is liotter than surrounding bodies, cools itself, 
and warms the surrounding bodies, by an exchange of 
heat for heat.^n which they are the gainers. Hence if 
$ be the temperature of the •bodies, or of the space, by 
wbich^the hot body is surrounded, and B + t the tempe- 
rature of the hot body<the»rate of cooling depend 


^ Bccherdiee aur la CheUeuTt ztqx. 
* 


jAat. Jnd, Se. b. x. c. L sect 2. 

• • 
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upon the excess of *the radiation for a temperature 0 * 

above the Radiation for a temperature $. 

Accordingly, in the admirable researches of MM.. 
Dulong and Petit upon the cooling of bodies, xt i^as 
assumed that the rate of cooling of the hot body was 
represented by the excess of P (tf + 1) above F(tf) ; where 
F represented some mathematical /unction^ that is, 
some ex})ji:cssion obtained by aiithmetical operations 
from the temperatures $ + t and 0 ; although what these 
operations are to bo, was left undecided, and was in 
fact determined bjj the experiments. And the result 
of their investigstions was, that the function is of this 
kind : ^ 1 rheu the temperature increa>ses by equal inter- 
vals, the function increases in a^s continued geometn'c 
proportion®. This was, in fact, Ihe same law which 
had been*. assumed by Newton and others, with this 
difference, that they had negljcted the tei?n which 
depends upon the temperature of the suiTOunding 
space. 

1 8 . This law fall^ in so well with the best concep- 
tions we can forin of the mcclianism of cooling upon 
the supposition of a radiant fluid caloric, that it gives 
great probability to the sc^le of temperature on which 
the simplicity of the result depends. Now the tempe- 
ratures in the fonnulse just referred to were expressed 
by means of the air thermoToeter, Hence MM. Du- 
long and Petit justly state, that while all different sub- 
stances employed as thermometers give different laws 
of thermotical phenomena, their own success in obtain- 
ing simple and general laws by means of the air ther- 
mometer, is a strong recommendation of that as the 
natural scale of hecU, They add*®, ‘The well-known 
unifoimity of the principal physical properties of all 
gases, and especially the perfect identity of their laws 
of dilatation by heat, [a very important, discovei^ of 


’ The formula' for the rate of cool- * the btUy, the state of Its surface, and 
ing is where thequkn- oUiercircum8tancea--.4nn.Chii»kvii. 

titjr m depends upon th^ nature of 

w AnnaJl4i de Chimie, vil. 153 . 
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Dalton and (^y Lussac”,] make it very probable that 
in this class of bodies the disturbing causes have not 
*the same influence as in solids and liquids; and conse- 
qifentljr that the changes of bulk produced by the 
action of heat are here in a more immediate depend- 
ence on the force which produces them.’ • 

19. Still we cannol; consider tins* point as settled 
till we obtain a more complete theoretical iaisight into 
the nature of hea^ itself. Jf it be true that heat con- 
sists in the vibrations of a fluid, #theii, although, as 
Am])ero has* shown*’*, tlfo laws of f‘adiation will, on 
matlieinatical grounds, oe the same as*they are on the 
li^q^othesis of emissiion, Y© cannot consider the natural 
scale of heat as detcjfminod, till jvc have disotJvercd 
some moans of measuring the eaibriferous vibrations 
as wc rnoasui’o luminiferous vibrationS. Wo «hall only 
know wlyit the (puintity of heat is when wc know 
what heat itself is; — ^when wo haVC obtained a theory 
wliich satisfactorily explains the manner in which the 
substance or medium of heat produces i^s effects, Wlum 
wo see how radiation and conduction, dilatation and 
liqueflictiou, are all produced by me(;lianicaf clianges of 
the same flui<l, we shall theu ^see what the nature of 
that change is which dilatation ^really measures, and 
what relation it bears to any more proper standaid of 
heat. 

W 0 may add, that wliile our thermotical theory is 
still so imperfect jis it is, all attempts to divine the 
tine nature of the relation between light and heat are 
premature, and must be in the highest degree insecure 
and visionaiy. Spccidations in which, from the general 
assumption of a caloriferous and luminiferous medium, 
and from a few facts arbitrarily selected and idbsely 
analysed, a general theory of light and heat is as- 
sertei\ are entirely Toreign to the course of inductive 
science, and cannot lead to ally stable and substantial 
truth. ^ 

20. Other Instrwn^nts^foT meami/ivig Heat — It 
does not belong to our preseilt 4)urpose.to spe^ of 

a HijL Ind, Sc. 1). x. c. IL aeot x. 
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instruments of which the object is to measure, not sen- 
sible qualities, but some effect or modification of the 
cause by which such qualities are produced : such, for* 
in^ance, are the CaloriTmter^ employed by LstVoisSer 
and Laplace, in order to compare the Specijic Heat of 
different substances; and the Actinometer, invented by 
Sir John Herschel, in order to determine the effect of 
the SurCe Pays by means of the heat which they com- 
municate in a given time; which,- effect is, as may 
readily be supposed- very different under different cir- 
cumstances of atmospliere an\l position, ^he laws of 
such effects maJy bo valuable contributions to our 
knowledge of h^t, but the , interpretation of them 
must depend on a pi-evious knowledge of the relations 
which temperature* bears to heat, according to the 
views just explain 3 d. 

Sect. VI . — Scales of other Qualities. 

21. Before quitting the subject of the measures of 
sensible qiudities, we may obseiwe that there are seve- 
ral other siicli quajlitjes for which it would be neces- 
sary to have scalles and means of measuring, in order 
to make any approach to science on such subjects. 
This is true, for instiince, of Tastes and Smells. Indeed 

*‘some attempts liave been made towards a classifica- 
tion of the Tastes of sapid substances, but these have 
not yet assumed any satisfactory or systematic charac- 
ter; and I am not av^are that any instrument hits 
been suggested for 'tueas'uring either the Flavour or 
the Odour of bodies which possess such qualities. 

22. Qtmlity of Sounds . — ^The same is true of that 

kind^f difference in sounds which is ^ peculiarly termed 
their Quality; that character by which, for instance, 
the sound of a flute differs from that a hautbois, 
when the note is the same ; or a woman’s voice from 
a boy’s. , 

23. AriicukUe Sounds.^l^^vo is also in sounds 
another difference, ofr which the nature is stHl obscure, 
bpt in reducing which to rule, and consequently to 
measure, son^e progress has nevertheless been made. 
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I speak of the diflTerences of sound considered as arti- 
culate, Classifications of the sounds of the usual alpha- 
J>ets have been frequently proposed ; for instance, that 
wMich firranges the Couaonanta in the following groups^: 


Sharp. 

Flat. 

Sharp Aspirate. 

Flat Aspijrate. 

Nasal. 

P 

b 

ph (/) 


m 

k 

g (hard) 

kh’ • 

• 


ng 

t 

d 

th (sharp) 

th (flat) 

n 

a 

z 

• 

ah 

• 

. 



It is easily perceived tint the relatioqp of the sounds 
in each of these horizontal lines are. analogoi^ ; and 
accordingly the rulfes of derivation and modification of 
words in several languages pr€)C€^d upon such ana- 
logies. In the same manner the Votoele^may bo arranged 
in an order depending on their sound. But to make 
such aiTaAgcments fixeu and indisputable, we ought to 
know the meehaniain by which such modifications are 
caused. Instruments have been invented by which 
some of these sounds can be imitate ; and if such 
instmments could be made to prodiioe ,the above 
series of articulate sounds, by connected and regular 
j>rocesses, we should find, in *the process, a meas'ure of 
the sound produced. This has Dben in a great degree 
effected for the Vowels by Professor Willises artificial 
mode of imitating them. For he finds that if a musical 
reed be made to sound through a cylindrical pipe, we 
obtain by gradually lengthening the cylindrical pii^e, 
the series of vowels i, e, a, o, u, with intermediate 
sounds”. In this instrument, then, the length of the 
pipe would determine the vowel, and might be used 
numerically to express it. Such an instrument so 
employed would be a measure of vowel quality, and 
might be called a F]/thongometer, 

Our businelb at present, hojvever, is not with instru- 
ments which might be devised for measuring sensible 
qualitid^, but with thgse ;|yhich have beon so used, 
and have thus been the basis of the sciences in which 

t 
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such qualities are treated of ; and this we have now 
done suflioiently for our present purpose. 

24. There is another Idea which, tliough hitherta 
very vaguely entertained, has had considerable inftu- 
ence in the formation, both of the sciences spoken of 
in the present Book, and on others which will here- 
after come under our notice namely, the Idea of 
Polarity. c This Idea will be the subject of the ensuing 
Book. And although this Idea forms a part of the 
basis of vaipus otlji 3 r extepsive jfortions of science, as 
Optics and Cheiilistry, it ©&Ypies so peculiarly con- 
spicuous a placli in speculations belonging to what 1 
have termed* the Mechanico-Ohemical ^^iences, (Mag- 
netisiU and Electricity^) that I shall designate the dis- 
cussion of the IdeSi of Polarity as the Philosophy of 
those Scitnees. 



BOOK v: 


THE 

PHILOSOPHY 

OF TblS 

MECHANICO-CHEMICAL SCIENCES. 



Endonnant ^ cea le nom de j’appclerai ^Iwrisation 
la modification qui donhe k la lumi^re dea propri^t^s relatives ^ 
cea polea. »d‘*ai tardi' jusqu’k present ^ admettre ce terme dans 
la description dea phdnombnes physiques dont il est q lestiou ; je 
n*ai pas osd Pintrodnire dans les m^moifes oh j'ai public mes 
demibres experiences ; mais les varietes qu*offre co nouveau 
phdnombne, et la djfficulte de lea ddcrire, me forcent h admettre 
cette nouvelle expression, qui signifie simplenient la modification 
que la lumibrb a aubie en acqu^rant de nouvoUes proprietea qui 
ne sont - pas relatives h la dii^ev-^tion du rayon, mais seulement h 
sea cdtds consideres h angV>B droits et dans un plan perpendicu- 
^ laire h sa direction. 

Malus dfem. de Inst, tom. xi. p. io6. 



BOOK V. 


THE PHILOSOPHY OP THE MECHANibo-CHEMICAL 
^EilOES, 


CHAPTER I. 

Attempts at the Scientific JEtplication of the 
Idea op Polarity. 


I. TN some of the iiiechanical sciences, as Magnet- 

X ism and Optics, the phei^mena are found to de- 
pend upon position (the jKxsition of Ihe magnet, or of 
the ray of light,) in a peculiar alternate* iwmner. This 
dependence, as it wtis fir^t apprehended, was repre- 
sented by means of certain ‘conceptions of space and 
force, as for instance considering the two Pohs of a 
magnet. But in all such modes of representing thesA 
alternations by the conceptions borrowed from other 
ideas, a closer examination detected something super- 
fluous and something defective ; and in propoi-tion as 
tlie view which philosophers took of this relation was 
gradually purified from these incongnious elements, 
and was rendered more general and abstract by the 
discovery of analogoi^ properties in new casesjiit was 
perceived that the relation could not be adequately 
apprehendeji without considering it as involving a 
peculiar and independent Idea, which we may designate 
by the term Polmity, 

We shall trace sonfb of»the forms in which this Idea 
lias manifested itself in thu Ijistory qf^ science. In 
doing so we shall not begin, as in pther Books *of this 
work we have done^ by speaking of the notion as ft is 
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employed in common use : for the relation of Polarity 
is of so abstract and technical a nature, that it is not 
employed, at least in any distinct and obvious manner, , 
on any ordinary or practical occasions. Th^ id&a 
belongs peculiarly to the region of speculation; in 
persons of coipmon habits of thought it is probably 
almost or quite undeveloped ; ami even most of those! 
whose min^ls liave been long occupi.cd by science, find 
a difficulty in a]q)rehending it in its full geneiulity 
.and abstraction, and^stript of all iii-elovant hypothesis. 

2 . -The name* and the notion oi Poles 

were firat adopted in the case^ of a magnet. If we 
have twV) magnets, their extrejnitieSr attract and repel 
each other altemativply. If theMfij*st end of the one 
attract the first end v>f the other, it repels the second 
end, and ^5onvers^ly. In order h) express this rule 
conveniently, the two ends of each magnet fvye called 
the north pole and the south pole respectively, the 
denominations being boirowed from the poles of the 
eai*th and heavens. These poles,’ as Gilbert says*, 

‘ regulate the motions of the celestial spheres and of 
the earth. Lvl like manner the magnet has its poles, 
a northern and &f southern pne; certain and determined 
points constituted by nature in the stone, the piimary 
teriiLs of its motions and effects, the limits and go- 
vernors of many actions and virtues.’ 

The nature of the oi)position of properties of which 
we speak may be stated tlms : 

The North pole of one magnet attracts tlio South 
pole of another magnet. 

The North pole of one magnet rejyels tlie North pole 
of another magnet. 

TherSoutb pole of one magne^repels the South pole 
of another magnet 

The South pole of one magnet dUractf the Nerth 
pole of another magnet • 

It will be observed that the contrariety of poij[ition 
which is indicated by putting the South pole for the 
North polo i& ^either piagnet, is accompanied by the 


I neAra^Ub.l.c.Ui. 



; APPLICATIOK OP THE IDEA OF POLARITY. 36 1 

opposition of mechanical effect which is expressed by 
changing attraction into repulsion and repulsion into 
f attraction : and thus we have the general feature of 
Pblaifty, — contrast of properties corresponding to a 
contrast of positions. 

3. Electricity . — ^When the phenomena of Electri- 
city came to be studied, it appeared that they involved 
relations in some ^‘espccts ^analogous to th^e of mag- 
netism. ^ 

Two kinds of efectricity wer^ distinguished, the^ 
positive and the negatif'e ; and it tippeafcd that two 
bodies electrized posAively, or twc» electrized nega- 
tively, repelled eaijh otljer, like two iforth or t^o south 
magnetic poles; while a positiv^y and a negative^ 
electrized body attracted eacK other, like the north 
and south polos of two magnets. Itf conduiftors of an 
oblong |prni, the eleafcricity could easily be made .to 
distribute itself so that one end-shfmld be positively 
and one end negatively electrized;, and then such 
conductors acted on each oth^: exactly as magnets 
would do. 

But in conductors, however electnzMf there is no 
peculiar point which* can permanently be considered as 
the •pole. The distribution of ^electricity in the con- 
ductor depends upon External circumstances : and thus, 
although the phenomena offer the general character of 
polarity — alternative results corresponding to alterna- 
tive positions, — ^they cannot be referred to poles. Some 
other mode of representing the forces must be adopted 
than tliat which makes them emanate from permanent 
points in a magnet. 

The phenomena of attraction and repulsion in elec- 
trized bodies wefe conveniently represented by«means 
of the hypothesis of two electric fluids^ a positive and 
a negative cgiCj which were supposed to be distributed 
in the bodies. Of these duids, it was supposed that 
each Repelled its own parts and attracted those of the 
opposite fluid : and it^aa found that this hypothesis 
explained all the obvious lawtf o( electric^ action. Here 
then we have the plietioraena of pollprization explaiijed 
by a new kind of machinetty: — two opposite fluids 
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distributed in bodies, and supplying them, so to speak, 
with their polar forces. This hypothesis not only ex- 
plains electrical attraction, but also the electrical spark : « 
namely, thus : when two bodies, of which the neighbodt- 
ing surfaces are charged with the two opposite fluids, 
approach near, to each other, the mutual attraction of 
the fluids becomes more and m^e intense, till at last 
the excess (^f fluid on the one bcl<ly l)i*eaks through the 
air and rushes to the other body, in, a form accompa- 
ynied by light and noise. When this transfer has taken 
place, the attraction ceases, thte positive and the nega- 
tive fluid havingmeutralized ea(5n other. Their effort 
was to “unite j and this union being . effected, there is 
no longer any force in action. Sodies in their natural 
unexcited'condition •may be considered as occupied by 
a combination of;the two fluids: and hence we see 
hgw the production of either 4kind of electricity is 
nece^ssarily accompanied with the production of an equi- 
valent amount of the opposite kind. 

4. Voltaic Elcctridiiy. — Such is the case in Frank- 
linic electricity, -^that which is excited by the common 
electrical nmcliine. In studying Voltaic electricity, we 
are led to the conviction that the fluid which is in a 
condition of momentary eqmlihriu7fi in electrized con- 
ductors, exists in the state of a ^Current in the voltaic 
'circuit. And here we find polar relations of a new 
kind existing among the forces. Two voltaic Currents 
atPract each other when they are moving in the same^ 
and repel each other when they are moving in op/>o- 
sitej directions. 

But we find, in addition to these, other polar rela- 
tions of a more abstruse kind, and which the supposi- 
tion of two fluids does not so readily explain. For in- 
stance, if such fluids existed, distinct from each other, 
it might be expected that it would*bo possible t(b ex- 
liibit one of them separate from the other. Yet in all 
the phenomena of electromotive currents, we attempt 
in vain to obtain one kind of electricity separate^y. ‘ I 
have not,’ says Mr, faraday*, ^been able to find a 
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single fact wHicli could be adduced to prove the theoiy 
of two electricities rather than one, in plectric cur- 
rents ; or, admitting the hypothesis of two electricities, 
Have'*! been able to pei^peive the slightest grounds that 
one electricity can be more powerful than the other, — 
or that it can be present without the pther,— or that 
it can be varied or. in the slightest degree aifected 
without a corresp<jndmg variation in the oljier.’ ‘Thus,’ 
he adds, ‘ the po]:ar character of the i)owers is rigorous 
and complete.’ Thus, we too jnay remark, all thp 
superfluous* and precaricAie^parts grtiduall/drop off from 
the hypothesis which^we devise in erder to represent 
polar phenomena^ andjihc abstract Motion of'Polariiy 
— of equal and opf^s^te powers^ called into existence 
by a common condition — ^remairf!} unincumbered with 
extraneous machinery. * • 

5. — ^Anotlier vety important example of the 

application of the Idea of I^olarity is that supplied by ^ 
the discovery of the polarization of light. A ray of 
light may, by various processes^ be modified, so that it 
has different properties according to its differoitt sides, 
although this difference is not perceptilSlt^by any com- 
mon effects. If, for instanp^ a ray thus modified, pass 
perpendicularly through a circular glass, and fall upon 
the eye, we may turrf the glass round and round in its 
frame, and we shall make no difference in the bright 
ness of the spot which we see. But if, instead of a 
glass, we look through a longitudinal slice of tourma- 
line, the spot is alternately dark and bright as we turn 
the crystal through successive quadrants. Here wo 
have a contrast of Properties (dark and briglit) corre- 
sponding to a contrast of positions, (the position of a 
line east and wfst being contrasted witli the position 
north and south,) which, as we have said, is the gene- 
ral i^baracter of PMarity. It was with a view of express- 
ing this character that liie term Polarization was 
ori^jially introduced. Malus was forced by his disco- 
veries into the use oPthiii expression. ^Wo find,’ he 
says, in 1811, ‘that light acquires properties which are 
relative ^only to the tddes of the i^y, — ^which are ^the 
same for the north and south sides of the rj.y, (using 



364 or THE MECHANICO-CHEMICAL SCIEKOES* 

the points of the compass for description’s sake only,) 
and which ^re different when we go from the north 
and south to the east or to the west sides of the ray. 
I shall give the name of poles to these sides of thfi ray, 
and shall call polarization the modification which gives 
to light these , properties relative to these poles. I 
have put off hitherto the admission of this term into 
the descripi^n of the physical pnenprnena with which 
we have to do : I did not dare to introduce it into the 
Memoirs im which ^.published my last observations : 
hut the variety of'^'forms in z^iich this new phenome- 
non appears, and the difficult/ of describing them, 
compel rhe to adnfit this new ejepression; which signi- 
fies simply the modification whiclk^ight has undergone 
in acquiring new proJ>erties which are not relative to 
the directittiti of ray, but only to its sides considered 
at right angles to each other, and in a plane TV>rpondi- 
^ cular to its direction.* 

The theory* which represents light as an emission of 
particles was in vogue «at the time when Mai us pub- 
lished his discoveries; and some of his followers in 
optical reseai'cli conceived that the phenomena which 
he thus described'Tenderedrit necessary to asciibe poles 
and an axis to each paj;ticle of light. On this hypo- 
thesis, light -would be ]K)larized When the axes of all 
the particles were in the same direction: and, mak- 
ing such a supposition, it may easily be conceived 
ca))able of transmission through a crystal whoso axis is 
parallel to that of the biminous particles, and intrans- 
missible when the axis of the crystal is in a position 
transverse to that of the particles. 

The hyiiothesis of particles possessing poles is a rude 
and arbitrary assumption, in this as, in other cases; 
but it serves to convey the general notion of polarity, 
which is the essential feature of the phenomena. cThe 
term * polarization of light * has soihetimes been com- 
plained of in modem times as hypothetical and obijcure. 
But the real cause of obscurivy Vas, that the Idea of 
Polarity was, Ijill lately, ^ery imperfectly developed in 
men’s minds. As yre have seen,' the general notion of 
Pofarity, -opposite propelties in opposite directions, — 
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exactly describes the character of the optical phe- 
nomena to which the term is applied. , 

It is to be recollected that in optics we never speak 
df tlft poleSy but of the plcme of polarization of a ray. 
The word sw/e#, which Newton and Malus have used, 
neither of them appears to have been, satisfied with ; 
Newton, in employing it, had recourse to the strange 
Gallicism of speaking of the coast of nsu£)J and of un- 
usual refraction of a crystal. 

The modern tficory of optics represents the plane of* 
polarization of light as<^cbpending, mot oil the i>osition* 
in which the axes of the luminiferoi*s particles lie, but 
on tlie directicn gf those transverse tihmtions^n which 
light consists. Thiso-tiiieory is, as^wo have stated in the 
History, recommended by aif eXtraordinaty series of 
successes in accounting for the plie/lomenarj And this 
hypothesis of transverse vibrations shows us another 
mechanical mode, (besides Ihe hypothesis of paHicles 
with axes,) by which we may represent the polarity of * 
a ray. But we may remjvrk tl^'it the general notion of 
Polarity, as applied to light in sucli* Cfises, would ©uh- 
sist, even if the undnlatory theory’* were rejected. 
The idea is, as we have jjofore said, independent of 
all hyi>othetical machinery. * 

I need not here fefer to tfie various ways in wliich 
light may bo polarized ; as, for instance, by being re- 
flected from the surface of water, or of glass, at cerfain 
angles, by being transmitted, through crystals, and in 
other ways. In all cases the modification produced, tlie 
polarization, is identically the samo property. Nor need 
I mention the various kinds of phenomena which ap- 
pear as contrasts in the result; for these are not merely 
light and dark,, or white and black, but rod and green, 
and generally, a colour and its complemmiary colour, 
exhibited in maliy complex and varied configurations. 
These multiplied'modes ii# which polaiized light pre- 
sen^ itself add nothing to the original conception of 
Polarization : and I therefore pas# on to another 

subject. • ^ , 

6. CrystMizaAimX , — Bodies are perfectly 

crystallized exhibit the moSt complete regularity* and 
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symmetry of form; and this regularity not only appears 
in their out;v^ard shape, but j)ervades their whole tex- 
ture, and manifests itself ,in their cleavage, their 
transparency, and in the uniform and deterniaiate 
optic^ properties which exist in every part, even in the 
smallest fragment of the mass. If we conceive crystals 
as composed of particles, we must suppose these par- 
ticles to be arranged in the ‘mosi regular manner; for 
example, if we suppose each particle to have an axis, 
VO must suppose all ^jiese axes to be parallel ; for the 
airection of the axis of the purticles is indicated by 
the physical and optical properties of the crystal, and 
therefore this 'direction must be the same for every 
portion ^ of the crystal. Tliis paf^llelisin of the axes 
of the particles may *06 ''conceived to result from the 
oircumstan(^ of eadji paiiiicle having poles, the opposite 
poles attracting each other. In ^di-tue of forct^ acting 
as this hypothesis assumes, a collection of small viay- 
netic particles would arrange themselves in parallel 
positions ; and such a collection of magnetic particles 
offers a sort of image of a crystal. Thus we are led 
to conceive the ’ particles of crystals as polarized, and 
as determined in«tneir ci^^talline positions by polar 
forces. This mode of apprehending the constitution of 
crystals has been adopts by soiiie of our most emi- 
nent philosophei-s. Tims Berzelius says®, ‘It is de- 
monstrated, that the regular forms of bodies presuppose 
an effort of their atoms to touch each other by pre- 
ference in certain points; that is, they are founded 
upon a Polarity;’ — ^he adds, ‘a polarity which can be 
no other than an electric or magnetic polarity.’ In 
this latter clause we have the identity of different kinds 
of polarity asserted; a principle which we shall speak 
of in the next chapter. But we may remark, that 
even without dwelling upon this •' connexion, any 
notion which we can form of the structure of Crystals 
necessarily involves the idea of Polarity. Whejbher 
this polarity ritecessarily requires Us to briieve crystals 
to be composed pf AtoxDi^ which exert an effort to touch 

* Eiti/y on UfAheory of Chemical ProperHes, i8ao, p. 213. 
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each other in certain points by preference, is another 
question. And, in agreement with what; lias b(3cn 
* said respecting other kinds of polarity, wo shall 
ptobfibly find, on a more profound examination of tho 
subject, that while the Idea of Polarity is essential, the 
machinery by which it is thus expressed is precarious 
and superfuous. 

7. Chemical — W e shall have, ^n the next 

Book, to speak of Chemical Affinity at some length ; 
but since the hliimate views to, which philosophers, 
have been ^ led, induce* tSem to oonsidA* the forces^ 
of Affinity as Polar I^rccs, we must* enumerate these 
among tlio examples of Polarity. In •cheinitsal pro- 
cesses, opposites tenc^cjbo unite, aijd to neutraliwi each 
other by their union. Thiiif an mid or an alkcdi 
combine with vehemence, and forjii a cojiipound, a 
neutral jalt, which is neither acid nor alkaline. 

This conception of contrariety and mutual neutrali- 
zation, involves the Idea of Polarity. In the concep- 
tion as entertained by the earlier chemists, the Idea 
enters very obscurely : but in the attempts which have 
more recently been made to connect t&i»* relation (of 
acid and base), with othqr relations, the chemical 
elements have been conceived as composed of particles 
which possess poles poles repelling, and urdUce 

attracting each other, as they do in magnetic and* 
electric phenomena. This is, liowever, a rude and ar- 
bitraiy way of expressing Polarity, and, as may be 
easily shown, involves many difficulties wliich do not 
belong to the Idea itself. Mr. Faraday, who has been 
led by his researches to a conviction of the polar nature 
of the forces of chemical affinity, has expressed their 
character in a more general manner, and without any 
of the machinery of particles indued with poles. Ac- 
cording to his view, chemical synthesis and analysis 
must always be cdliceived ab taking place in virtue of 
equa^ and opposite forces, by which the particles are 
united or separated. "Tl^e forces, by flie very cir- 
cumstance of their being pdai;, may ^ transferred 
from point to point. ■ For if we c^pneeive a stringy of 
particles,"^ and if the positivo'Ibrce of *he firsjb particle 
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be liberated and brought into action, its negative force 
also must be set free; this negative force neutralizes 
the positive force of the next particle, and therefore 
the negative force of this particle (before emplo5’ed fii 
neutralizing its positive force) is set free : this is in 
the same way transferred to the next particle, and so 
on. And tlnis we have a j^mtiye force active at one 
extremity yf -a line of particldi, ^orrasponding to a 
negative force at the other extremity, all the interme- 
/liate particles reciprocally neutralizing each other’s 
** action. Thi?j conoeptioii okVtiie transfer of chemical 
action was indeed at an eaiiie:^' period introduced by. 
Grotthu's^ and cemhnned by Davy. But in Mi*. Fara- 
day’s hands we see it divcstcdjjof all that is super- 
fluous, and spoken o/, nbt jis a line of paiticles, but as 
‘an axis gf pow^, having [at every point] contrary 
forces, exactly equal, in oppositei.directions.* ^ 

8. General Bemarks.—Thus, as wo sec, the notion 
of Polarity i§» applicable to many large classes of phtv- 
nomena. Yet the Ido,*?, in a distinct and general fonn 
is only of late growth among j)hilosophers. It has 
gradually bmn* abstracted and refined from many ex- 
traneous hypothoies which^were at first supjiosed to be 
essential to it. We have noticed some of these hypo- 
theses; — as the poles of a body; the poles of parti- 
ties of a fluid; two opposite fluids; a single fluid in 
excess and defect; transverse vibrations. To these 
others might be added. Thus Dr. Front* assumes that 
the polarity of moleculct. results from their rotation oij 
their axes, the opposite motions of contiguous molecules 
being the cause cf oj>posite (positive and negative) 
polaiitics. 

Butonone of .these hypotheses can be proved by the 
fact of Polarity alone; and they have been in succession 
rejected when they had been assumed on that ground. 
Thus Davy, in 1826, speaking of chemical forces says®, 
‘ In assuming the idea of two ethereal, subtile, elastic 


* DuMAfl, Lefonj aw la FhUosofhie ChifnUque, p. 40X. 
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fluids, attractive of the particles of each other, and 
repulsive as to their own particles, capable of combin- 
^ ing in different proportions with bodies, anti according 
t«f thuir projwrtions giving them their specific qualities 
and rendering them equivalent masses, it would be 
natural to refer the action of the poles to the repul- 
sions of the substances combined wHh* th^ . excess of 
one fluid, and the atfractibns of those to the 

excass of the other fluid; and a history or the pheno- 
mena, not unsatisffa'jtory to the reason, might in this^ 
way be luatlc out. it is ppssibhf likewise to 

take an entirely diffeifent view of the subject, on the 
idea of the dej>en(^ence of the results upon the primaiy 
attractive powei’s of the parts of the combination on 
a single subtile fluid, 1 shall not Aitor into any discus- 
sifui on this obscure part of the tj^ory.’ ^Wliich of 
these tlujiDries will bes^ represent the case, wdll dejiend 
upon the consideration ojf other fecis, in combination 
with tlic jiolar phenomena, as we sec in tjie histoiy of 
optical thcoiy. In like maimcy:* Mr. Faraday proved 
by experiment’^ the errour of all theoi*ics which ascribe 
cloctro-choniical dc(?om[)osition to the attrci^jtion of the 
poles of the voltaic bhttery.* * * 

In firder that they may Iflstinctly image to them- 
selves the Idea of Polarity, mefi clothe it in some of 
the forms of machinery above spoken of; yet every* 
new attempt shows them the uiinccessaiy difficulties 
in which tliey thus involve themselves. But on the 
other hand it is difficult to ajjprohend this Idea di- 
vested of all machineiy ; and to entertain it in such a 
form that it shall ai)ply at the same time to magnetism 
and electricity, galvanism and chemistry, crystalline 
structure and light. The Idea of F^arUy becomes 
most pure and genuine, when wo entirely reject the 
conception qf as Faraday has taught us to do in 

considering clectrc^-chemicai decomposition; but it is 
only by degrees and by effort that we can reach this 
point *of abstraction and gonerality. • 


VOL. I. 
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9. There is one other remark which we may here 
miike. It was a maxim commonly received in the an- 
cient schools of i)hilosophy, that ‘Like attracts Like:’ 
but as we have seen, the universal maxim of Pohic* Phe- 
nomena is, that Like repels like, and attracts Unlike. 
The north pole attracts the south pole, the positive 
fluid attracts the negative fluid; opposite elements 
rush together ; opposite mdtioni reduce each other to 
rest. The permanent and stable course of things is 
^.that wliich results from the balance and neutralization 
' of contrary iendci^iGS. Nafc\ufe is constantly labouring 
aftci* repose by the effect of stxh tendencies; and so 
far as Polar Forces enter into her economy, she seeks 
harmujiy by means of discord,’ ajj^l unity by opposition. 

Although the Idea of Polarity is as yet somewhat 
vague anc^.obscur^, even in the minds of the cultivators 
of physical science, it has neve\thelcss given birth to 
some general principles which have been accepted as 
evident, and have had great influence on the progress 
of science. These we/jhall now consider. 



CHAPTEB, II. 


Of the Connexion of Potamties. 


1 . TT has appeared prcccdtng chapter 'that in 

i cases in which t!ie plieuoniena*siiggest to us the 
idea of Polarity, we arg also led to a.Wilie some mate- 
rial macliJTicjy as thc^modc in wjiich the ]>olai* forces 
arc oxei-ted. Wo assume, for mstihnee, globular parti- 
cles which possess poles, or the vibraftions oSa Hu id, or 
two fluids attracting •each ojiher; in every case, in 
shoi-t, some hypothesis by which the existence and 
o])eration of the Polarity is embodied i» geometrical 
and mechanical projieriics of a#nediiyn; nor is it pos- 
sible for us to avoid proceeding upon^the conviction 
that some such hyi)othesis ijiust be, true; jHthough the 
nature of the connexion btdijv^een tln5 mechanism and 
the ijhenomena must still be injjlefiuite and arbitrary. 

But since each clal^ of Polar Phenomena is thus^ 
refcTTcd to an ulteiior cause, of which we know no 
mortj than that it has a polar character, it follows that 
different Polarities may result from the same cause 
ruanifesting its polar character under diflFerent aspects. 
Taking, for example, the liyj)othcsis of globular par- 
ticles, if electricity result from an action dependent 
upon the poles of each globule, magnetism may depend 
upon an action ^n the equator of each globuJb; or 
taking the supposition of transverse vibrations, if pohir- 
ized* light roBult directly from such mbraJtims^ crystal- 
lizfition may have reference f!b the axes of the elasticity 
of thij medium by which the vibrations are rendered 
transverse, — so far as £he ^olar character only of the 
])henomena is to bo accounted* fc^. I sa^ this m^y be 
so, in so far only as th*e polai* chj^acter of the plje- 
nomena is concerned; for whether the re^tion of 
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electricity to magnetism, or of cryatallino forces to light, 
can really be explained by such hyi)othcses, remains to 
bo determined by the facts themselves. But since the • 
first necessary feature of the hypothesis is, that it sliall 
give polarity, and since an hypothesis which does this, 
may, by its mathematical relations, give polarities of 
different kinds and in diferent directions, any two 
co-existent J^inds of polarity ma^ result from the same 
cause, manifesting itself in various mannci’S. 

The conclusion totwhich we areHed by these general 
considerations is, that two ce-t!xisting classes of polar 
phenomena effects of the same cause. But 

those who have studied such phenomena more deeply 
and attentively hav(^ in most oi^in all cases, airived 
at the conviction tluft the various kinds of Polarity in 
such cascsc mmt l 5 » connected and fundamentally iden- 
tical. As this convictiot| lias oj:ercised a groit influ - 
, ence, both upon the discoveries of new facts and upon 
the theoretical speculations of modern i)hiloso]ihei’s, 
and has been put^ forward by some wi’itors as a univei- 
sal principle of science, T will consider some of the 
cases in whlbh it hjfs been ^lius applied. 

2. GoiimxioTt of Mag^tic and Electric EolarUg , — 
The polar phenomena qf electricity and magnetism are 
clearly analogous in their laws: and obvious facts 
showed at an early period that there w:is some con- 
nexion between the two agencies.. Attempts were 
made to establish an evident and definite relation 
between the two kinds cf force, which attemi)ts pro- 
ceeded uj)on the [)rinciple now under consideration ; — 
namely, that in siicli cases, the two kinds of Polaiity 
must be connected. Professor CErsted, of Copenhagen, 
was ofie of those who made many tri(ils founded upon 
this conviction : yet all these were long unsuccessful. 

• At length, in 1820, he discovered that a galvanic*cur- 
rent, passing at right angles near to'a magnetic needle, 
exercises upon it a powerful deflecting force. Thp con- 
nexion once detected betw^n magnetism and galva- 
nism yras soon recogigiz^d as constant and universal. 
It ,was represented tin different hypothetical paodes by 
diferent persons ; some Considering the galvanic cur- 
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rent as the* primitive axis, and the magnet as consti- 
tuted of galvanic currents passing roiind.it at right 
• angles to the magnetic axis; while others conceived 
ite nfagiictic axis as the primitive one, and the electric 
current jis implying a magnetic current round the 
wire. So far as many of the genei*al relations of these 
two kinds of force were, concerned; either mode of 
representation served* to express them; ajid tlius the 
assumption that ^he two Polarities, the magnetic and 
the electric^ were fuhdamey tally identical^ was verified^^ 
so far iis the phenomena^ctf magnetic attraction, and the 
like, were concerned. * 

I ne(id nob iiere mention how thij{ walii furtlicr con- 
firmed by the experiments in wWcli, l)y means* of the 
foi’ces thus l)rought into view, *1 galvanic wire was 
made to revolve round a magnet, and a magnet round 
a galvanic wire; — in* which, artificial magnets were 
constructed of coils of galvanic i^ire ; — and finally, in , 
wliich the galvanic spark was obtained frftm the mag- 
net. The identity which sagliciou!^ s[)eculators had 
divined even before it was discovciryd, and which 
they had seen to be jiniversal as soyn as itVas brought 
to light, was coini)letoly mctf^fcsted ih every imagina- 
ble form. ^ p 

Tlie relation of the electric and magnetic Polaidties 
was found to be, that they were transverse to each 
other, and this relation exhibited under various condi- 
tions of form and position of the apparatus, gave rise 
to veiy curious and unexpected pei’plexities. The de- 
gree of complication wliich this relation may occiision, 
may be judged of from the number of consti*uctions 
and modes of conception offered by CErsted, Wollaston, 
Faraday, and others, for the purjiose of fraifliiig a 
technical memory of tlie results. The magnetic polarity 
give® us tlu^uorth* and south poles of the needle ; the 
electric polarity makes the current positive and nega- 
tive;* and these pairs^of opposites are joniiected by 
relations of situation, as* above and below, right and 
left; and give rise to the resuftiij^g motioai of the^eedle 
one way ,or the other.’ * ^ , 
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3. Ampere, by framing liis liypotbescs of the action 
of voltaic currents and the constitution of magnets, 
reduced all those technical rules to rigorous deductions 
from one general principle. And thus the vague and 
obscure persuasion that there mmt be some connexion 
between Electricity and Magnetism, so long an idle and 
baiTen .conjecture, was unfolded into a complete tbeoiy, 
according to-which magnetic and electromotive actions 
are only two different manifestations o^ the same forces ; 
jid all the alcove-mentioned complex relations of pola- 
rities are reduced to one single polarity, that of the 
olcctro-dynamic ctlrrcnt. 

4. As the ‘Idea of Polarity was thus firmly esta- 
blished lind clearly do'^olpped, it became an instrument 
of reasoning. Thus 'it led Ampere to maintain that 
the originai or elcmentaiy forces in electro-dynamic 
action could not be as M. Eiot^fcJiought they^^were, a 
statical coxuple^ but must be directly o[)posite to eiudi 
other. The iamc idea enabled Mr. Faraday to carry 
on with confiden(^e such reasonings as the following ‘ : 

‘ !Nt 0 other known power has like direction with that 
exerted bet'N^^ecn an electric current and a magnetic 
pole; it is tangential, while all other forces acting at 
a distance are direct. Hence if a magnetic poke on 
one side of a revolving plate follow its course, by rea- 
.son of its obedience to the tangential force exerted 
upon it by the veiy cuiTent of electricity wliich it has 
itself caused ; a similar pole on the other sid (3 of the 
plate should immediately set it free from this force; for 
the ciuTcnts which have to ))e formed by the two poles 
are in contrary directions.’ And in A.rticle 1114 of 
his Resea/rcJiea, the same eminent philosopher infers 
that if^dectricity and magnetism are considered as the 
results of a peculiar agent or condition, excried in 
determinate directions perpendicular to each other, 'One 
must be by some means convertible into the other; and 
tliis he was afterwards able to prove to be the cape in 
fact 

^ 

• 1 Researches, 244 . 
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Thus the principle that the Co-existent Polarities of 
magnetism and electricity are connected *and funda- 
• inent^lly identical, is not only true, hut is far from 
being either vague or barreiL It has been a fertile 
source both of theories which have, at present, a very 
great probability, and of the discovery of new and 
striking facts. We ^roce«d to consider other similar 
cases. 9 0 ^ 

5. Gonnexmi^oJ Electrical and CJicmical Polari- 
ties . — The doctrine *that t\jc chemical foi^ces by whicl#| 
the elements of bodicjj$*£ft*c held together or separated, 
are identical with the polar forces of elecfcri(jty, is a 
great discovery Of modern times; .so "great and so 
recent, indeed, that jifobably of science in ‘general 
have hardly yet obtained a clear vi(gv and hnn hold of 
this truth. This doctrine is nowf howevt)r, entirely 
establislfed in the irtlnds of the most profound and 
plLiloso]diical chemists of our time. Tlic complete • 
development and confirmation of this as bf other great 
trutlis, was preceded by more flague iiind confuse<l opi- 
nions gradually tending to tliis point; iyid the progi'ess 
of thought and of rq^cvarch .was impelled and guided, in 
this as in similar cases, by,the pershasion that these 
co-cxistent polarities ^coiild nc^ fail to be closely con- 
nected with each other. Wliilc the ultimate and exaejb 
theoiy to which previous incomplete and transitory 
tlicorios tended is still so new and so unfamiliar, it 
must needs be a matter of difficulty and responsibility 
for a conjmon reader to describe the steps by which 
tiuth has advanced from point to point. I shall, there- 
fore, in doing this, guide myself mainly by the histori- 
cal sketches of the progress of tliia great theory, wdiich, 
fortunately for us, have been given us by the tW phi- 
losophers who have played by far the most impoi-tant 
parts in th(? discoyery, Da^ and Faraday. 

It will be observed that we are concerned hero with 
the progress of theor}^ and not of cxpeijjmcnt, except 
so far as it is conlinnatoiy of theory. In Davy’s 
Memoir® of 1826, on the K&aSions 0^ Electrical and 
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Chemical Changes, he gives the historical details to 
which I have alluded. Alretidy in 1802 he had con- 
jectured that all chemical decompositions migljt bp 
jKDlar. In 1806 he attempted to confirm this conjec- 
ture, and succeeded, to liis own satisfaction, in estab- 
lishing® that the combinations and decompositions by 
electricity were referable to the law of electrical attrac- 
tions and repulsions; and advanced «thc hypotlicsis (as 
he calls it), that chemical and electrical attractions were 
,nrodticcd by » the same caupe, acting in one case on 
particles, in the other on masSfeS.^ This hypothesis was 
most strikingly confirmed by the author’s being able to 
use electrical agency as a mor‘e powerful means of 
chemical decompositiooi than any* which had yet been 
applied. ‘ Believing, he adds, ‘ that our philosophical 
systems are exceedingly imperfect, I never attached 
much importance to this hypothesis; but having 
, formed it after a copious induction of facts, and having 
gained by the' application of it a number of practical 
results, and considering' myself as much the author of 
it as I was of , the decomposition of the alkalies, and 
having developed it in an elemciilary work as fai* as 
the present state of chemistry seemed to allow, I have 
never,’ he says, ‘criticised or eicamincd the manner 
ipL wliich difterent authors have adopted or explained 
it, contented, if in the hands of others, it assisted tlie 
arrangements of chemistry or mineralogy, or became 
an instrument of discovery.' When the doctiine had 
found an extensive acceptance among chemists, at- 
tempts were made to show that it had been asserted 
by eai-lier writers: and though Davy justly denies all 
value to these pretended anticipations, they serve to 
show, However dimly, the working of ibhat conviction 
of the Connexion of Co-existent Properties which all 
along presided in men’s minds during this coursi^of 
investigation. ‘ Ritter and \Vinterl have been quoted,’ 
Davy says^ ‘ ^ong other persons, as having imagined 
or anticipated the relation between electrical powers 
and chpmical afiinitiesi^eibre the discovery of the pile 


* PhU,* Trana. ^826, p. 389. 


Ibid. p. 384. 
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of Volta, But whoeveP will read with attention 
Bitter’s Evidence that Galvanic action exists in or- 
ganised nature,’* and Winter’s Proluaimies ad Cliemiain 
smctJli decimi noni^ will find nothing to justify this 
opinion.’ He then refers to the Queries of Newton at 
tlie end of his Optics. ‘ These,* he says, ‘ conttiin more 
grand and speculative vicvs that might bo brought to 
bear upon this qu^stfbn than any found the works 
of modern electricians; but it is very unjust to the 
experimontidists who by the laborious application of 
new instruments, ha’sh* Shscoverc^l novel facts arui 
analogies, to refer tlftm to any suWi suj>positions as 
that all attractions, <^iemical, olecjti’ical, magnetical, 
and gravitative, maytdepend up<ja the same cause.’ It 
is perfectly true, that such va^o opinions, though 
aiising from that tendency to generalize ''yliich is the 
esscncer)f science, ai% of no^value except so far as they 
are both rendered intelligible, and conllnnod byexperi- ^ 
mental icaearch. • 

The phenomena of chemical*docoipposition by means 
of the voltaic i)ile, however, led other persons to views 
voiy similar to tho^^e of I)9,vy. Thp« Gru Alius in 1 805 * 
published an hypothesis of#tjie same* kind. * The pile 
of Volta,’ he says, ris an el(;ctrical magnet, of whicli 
cfich clement, tliat is, each pair of plates, has a positive 
and a negative pole. Thc^ consideration of this polarity 
suggested to me the idea that a siinihu' polarity may 
come into play between the elementary particles of 
water when acted u])on by the same electrical agent; 
and I avow tliat this thought was for me a flash of 
light.* 

6. ^ The thought, however, though thus brought into 
being, was very; far from being as yet freed front vague- 
ness, superfluities, and errours. I have elsewhere 
noticed® Rtraday’s remark on Davy’s celebrated Me- 
moir of 1806; that ^ tho mode of action by which the 
offers take place is s^ted very generally so generally, 
indeed, that probably*a dozen precise senomos of elec- 
tro-chemical action imght beMr^wn ui> differing essen- 


^ Ann. Chinu IxviiL 5^ 
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tially from each other, jot all agreeing with the state- 
ment there given.* When Davy and others ]:)roceeded 
to give a little more definiteness and precision tj> tliq 
statement of their 'vdews, they soon introduced into 
the theoiy features which it was aftoiwards found 
necessary to aliandon. Tlius' both Davy, Grot thus, 
Riffault, and Cliompi-6, ascribed electrical decompo- 
sition to th^» action of tlie a^id some of ilicm 

even pretended to assign the proportion in which the 
p^rcG of the pole dindnisheg. as the distance from it 
increases. Fai*ada.y^ Jis I havio'^ijlready stated, showed 
that the polarity Inust be considered as residing not 
only in what had till then been, called the but 

at every* point of ther» circuit. He ascribed® electro- 
chemical decomposijbion to internal forces, residing in 
the pmiideh of thep* matter under decomposition, not 
to external forces, exerted by iSie poles. TTbnce ho 
, shortly afterwards® proposed to reject the word 
altogether, and to emjiloy instead, the term eJectrodey 
moaning the dooi*^ or |>assages (of whatever surface 
formed) by whiph the decomposed elements i)ass out. 
What have Seen called the positive^ixnA imjative i)olos 
he further tonned'the Anotlc and Gathx)de; and he in- 
troduced some other changes in^ nomenclature con- 
nected with these. He then, as T have related in 
the History*®, invented the Volbi ‘electrometer, which 
enabled him to measure the quantity of voltaic action, 
and this he found to bo identical with the quantity of 
chemical affinity ; and he was thus led to the clearest 
view of the truth towards which he and his predeces- 
sors had so long been travelling, that electrical and 
chemical forces are identical**. 

7. R will, perhaps, be said that thisi beautiful tmin 
of discovery was entirely due to experiment, and not 
to any a priori conviction ^that co-epdstent* polariISLes 


7 See Faraday’s Historical Sketch, Researches^ 481—492. 

« A#. 524. ^ , 

/In 1834. Eleventh Sdries of ^cftjarc/iea. Art 662. • 
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must be connected. I trust I have sufficiently stated 
that such an a priori principle could n<\t be proved, 
^ 01 * even understood, without a most laborious and 
cnli^tened xise of experiment; but yet I think that 
the doctrine, when once fully unfolded, exliibited 
clearly, and established as true, takes jwssession of 
the mind with a more entire conviction of its cei^tainty 
and universality, in 'Virtue of the principle wc are now 
considering. W^hen the theory has assumed so simple 
a form, it^ appciii'sf to derive inwnense yrobability (to 
say the least) from simplicity. Like Ihe laws 
of motion, when staled in its ino.9b general form, it 
appears to carry, "with jt its own evulerico. And thus 
this great tlieorj' bcirrows something of its character 
from the Ideas which it invcJlves, as weU as from the 
Experiments by which it was cstallished. » 

8. We may find» in many of Mr. Faraday’s sub- 
sequent reasonings, clear cvidouce that this idea of the ^ 
Connexion of rdarities, as now developed, is not limited 
in its application to facts already |fiiown experiment- 
ally, but, like other ideas, determines Jhe philosopher’s 
researches into the^unkhoym, and, gives fls the form of 
knowledge even before wo possess the •matter. Thus, 
he says, in his Thirt({cnth Series ‘I liave long sought, 
and still seek, for an effect or condition which shall bo 
to statical electricity what magnetic force is to current 
electricity; for as the Unas of dischai-ge arc associated 
with a certain ti*ans verse effect, so it appeared to me 
impossible but that the lines of tension or of inductive 
action, which of necessity precede the discharge, should 
also have their correspondent transverse condition or 
effect.* Other similar passogtvs might be found. 

I will now consider anotlier case to which *wc may 
apply the Principle of Connected Polarities. 

y, ConTtexion of Ghemv^l and Crystalline Polarities, 
— The close connexion between the Chemical Affinity 
and* the Crystalline Attraction of elemgnts cannot be 
overlooked. Bodies nefer crystallize but when their 
elements combine chemicall;^ ; .^nd soUd bodie§ which 
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combine, when they do it most completely and exactly, 
also ciystalUze. The forces which hold together the 
elements of a crystal of alum are the same forceg 
which make it a crystal. There is no distiiiguisliing 
between the two sets of forces. 

Both chemical and crystaUim forces are jyolar^ as we 
stat(jd ill the last chapter; but the polaiity in the two 
ciises is of a ^Ufferoiit kind. The'pobirity of chemical 
forces' is then put in the most distinct foi*m, when it is 
j<^.entified wit]^ electrieal pol^-rity ; the polarity of the 
ptu*ticloa of crystals ‘has referenl:e to their geometrical 
form. And it is clear that these Swo kinds of polarity 
must bo conneCtcft Accordingly, Berzelius expressly 
asserts*^' the nccessaiy identity of’* these two polarities. 

* The regular forms of bodies suppose a polarity which 
can he no ot?ier thtwi an electric or magnetic polarity.’ 
This being so seemingly incjvitablc^ we might e^iiect to 
,find the electric forces manifesting some relation to the 
definite directions of crystalline foiins. Mr. Faraday 
tried, but in vain, ^ to defect some such relation. lie 
attempted to ascertain’^ w^hether a cube of rock crystal 
transmitted the electrical force of te^jision mth dilfereiit 
intensity along and across the axis of the crystal. In 
the first specimen there ?v^craed to^be some difference; 
but ill other experiments, made both with rock crystal 
and with calc spar, this difference disappcai’od. Al- 
though therefore we may venture to assei-t tliat there 
must be some very close connexion between electrical 
and crystalline forces, we are, as yet, quite ignorant 
what the nature of the connexion is, luid in what kind 
of phenomena it will manifest itself. 

10. Qminexion of Crystalline and Optical Polari- 
ties , — Clyatals present to us optical phenomena which 
have a manifestly polar characteiv The double refi^ac- 
tion, both of uniaxal and of biaxal crystals,* is always 
accompanied with opposite polarization of the two 
rays ; and in this and in other ways light is polarv"-cd 
in directions dependent upon the axes of the crystalline 
fonn, tl^at is, on^the dipecfions of tlie polarities of the 
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•ipystalline particles. The identity of these two kinds of 
polarity (crystalline and optical) is too obvious to need 
insisting on; and it is not necessary for us here to 
dcci#e by what hypotliesis this identity may most pro- 
j)erly be represented. We may hereafter perhaps find 
ourselves justiiied in coTLsideriiig the crystalline forces 
as determining the elasticity of the .luminiferous ether 
to bo diffi»i*cnt in dijj^entairectiom within the crystal, 
and thus as detennining the refraction aiiCi poLirieation 
(tf the light whtch»the ciystal transmits. But at pre- 
sent we mei*ely note tl\jfj 5 ase as a^ additJfonahexampfe 
of the manifest connexion and fundamental identity of 
two co-existent polarities. ^ . • 

Ti. Connexion Polar it i4^s in* general. — Thus we 

find that the (Jonnexion of diffcrwit kinds of Polarities, 
magnetic, electric, chemical, crystalline, and optical, is 
certain^as a truth oj experimental science. We have 
attempted to show further that in, the minds of several 
of the most eminent discoverers and phiVjsojdiers, such* 
a conviction is something mor^s than a mer ti empirical 
result: it is a. principle which Ifas regulated tlioir 
researches while- it was still but ^ob^biwely seen and 
imperfectly unfoldhd, and has gfv'mj. to their theories 
a character of generality and self-evidence which expe- 
rience alone cannot ftestow. ^ 

It will, perhaps, lie said that these doctrines, — tlAt 
scientific researches may usefully be directed by ])riu- 
cq)les in themselves vague and obscure ; — that theories 
may have an evidence superior to and anterior to 
experience; — are doctrines in the highest degree dan- 
geu’fuis, and utterly at variance with the soundest 
maxims of modem times respecting the cultivation of 
science. p 

In the justice and wisdom of this caution I entirely 
agjree : arj. althcAigh I have shown that this }>rinciple 
of the Connexion* of PolafitieSy rightly interpreted and 
established in each case by expoiiment, involves pro- 
found and comprehensive truths; I think it no less 
important to remark that, at least in the present stage 
of our knowledge, we ican nmk(? no use of this! princi- 
ple without ta^ng care, at t?very kep, to determinb by 
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clear and decisive experiments, its proper meaning ii.y\ 
application. All endeavours to proceed otherwise have 
led, ami must lead, to ignorance and confusion. At- 
tempts to deduce from our bare Idea of Polai*ity,< jind 
our fundamental convictions respecting the connexion 
of polarities, theories concerning the forces which 
really exist in nature, can hardly have any other result 
than to bewilder men’s minds, and to misdirect their 
eflfojtn'. ** 

So far, indeed, as tliis persuasi/ou' of a connexion 
f!Tnong a})partntly djlilerent *kp^^ls of agencies, impels 
men, engaged in the pursuit of Lnowledge, to collect 
observations, toj multiply, repeat, and yary experimeiits, 
and to Qontemplate the result of these in all aspects 
and relations, it may he an occasion of the most impoi't- 
ant discoveries. Accordingly we find that the great 
Laws of phenomena which goveri^ the motic)ns^,of the 
planets about the sun, were first discovered by Kepler, 

' in consequence of his semtinizing the recorded obser- 
vations with an intense (‘pnviction of the existence cf 
geometrical and aiithmetical harmonies in the solar 
system. Pcrl:a|'/ri wo may consider the discovery of 
the connexion of ^nagnetism'and electricity by Proftjs- 
sor CErsted in 1820, as an example somewhat of the 
same kind ; for he also avus a believer in cei’tfiin com- 
piohensive but undefined relations among the pro])ei*- 
ties of bodies ; and in consequence of such views enter- 
tained gi'eat admiration for the Prologise to the Che- 
mistry of ths NineteefnJth Centwty^ of Winterl, already 
mentioned. M. Oersted, in 1803, published a summary 
of this work; and in so doing, praised the views of 
Winterl as far more profoimd and comprehensive than 
those o^JLavoisier. Soon afterwards a Review of this 
publication appeared in France in *‘wliich it was 
spoken of as a work only fit for the dark ages, and^is 
the indication of a sect A^hich had for some time 
‘ ravaged Germany,* and inundated that country with 
extravagant and nnintelligibls 'mysticism. It was, 
therefore, a kind of triumph to M. CErsted to be, after 
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years’ labour, the author o# one of the most 
remarf able and fertile physical discoveries of his time. 

12. It wa.s not indeed without some 'reason that 
•crts^n of tJie German philosophers were accused of 
dealing in doctrines vast and profound in their asp(3ct, 
but, ill reality, indefinite, ambiguous, imd inapplicable. 
And the most prominent of such doctrines had refer- 
ence to ^le j)rincij)],e noV under our consideration; 
they represented flic properties of bocfics^as consisting 
in certain ])o]jiri^i(3^ and professed to deduce, from the 
very nature of things^ vvith litlJc^or reference t?i 
experiment, the exist|ueo and conn^ion of those pola- 
rities. Thus Schell ing, in his Ideas dov^vnh » Lldloso- 
'phy of Xainre, publislTcd in 1803, ftiys^", ‘ Mi^gnetisiii 
is the universal act* of inv#sflttg Multi[)lieity witli 
Unity; but the universal form »f the reduction of 
Alultiplicity to XJni^ is the Line, * pure Longitudinal 
Extension: hence JMuignelisfti is determination of pure 
Longitudinal Extension; and as this nianifests itself’ 
by absolute Cohesion, Magnetism is the determination 
of absolute Cohesion.’ And as IV^ignetisiu wa^J; by 
such reasoning, conceived to be prove#l a universal 
property of matter,* Schellfng asserfej^ it to be a eon- 
iirmation of his views wflai it was discovered that 
other bodies besides iron are %nagnetic. In like man- 
ner he used such expressions as the following^’ : ‘Tlie 
threefold character of the Universal, the Pai-ticular, 
and the Tndiifercnce of the two, — as expressed in their 
Identity, is Magnetism, as expressed in their Differ- 
ence, is Electricity, and as expressed in the Tobility, 
is Chemical Process. Thus these forms arc only one 
form ; and the Chemical Process is a inero transfer of 
the three Points of Magnetism into the Triangle of 
Chemistry.’ • 

It was very natural that the chemists should refuse 
to ^acknowledge, in this fiwiciful and vague language, 
(delivered, however, it is to be recollected, in 1803,) 
an Anticipation of Davy^ doctrine of tiio identity of 
electriciil and chemiciil forc(^, or of QCrsted’s electro- 
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magnetic agency. ^-Yet it was perhaps no less nat«s ?4 
that the author of such assertions should look upon every 
great step in the electro-chemical theory as an illustra- 
tion of his own doctrines. Accordingly we find S3he>- 
ling welcoming, with a diic sense of their importance, 
the discoveries of Faraday. When he heard of the 
experiment iu‘wluch electricity was produced from 
common magnetism, he fastened 'yith enthuagasm upon 
the d'scoverj, even before he knew any of its details, 
and proclaimed it at a public meptiiag of a scientific 
d)ody‘® as oncrof the^iost importifint advances of modem 
science. We havt^is (he thus reasoned) three effects of 
polar foP(3CS ;-^i-Elcctro-chcmical Decomposition, Elec- 
trical A.ction, Magnetism. Volta anti Davy had con- 
fimed expcrinientallj^ the identity of the two former 
agencies : CErsted >/howcd that a closed voltaic circuit 
acquired magnetic properties : but in order to^ exliibit 
the identity of <dectric and magnetic action it was 
requisite that electric forces should bo extricated from 
magnetic. This greats. step Faiuday, be remarked, 
had made, in producing the electric spark by means of 
magnets. a ■ 

13. . AlthougU^conjecturch sind assertions of tbc kind 
thus put forth by Schelliii'g involve a persuasion of tbc 
pervading influence and xjonnexioii of polarities, which 
persuasion has already been confirmed in many in- 
stances, they involve this principle in a manner so 
vague and ambiguous that it can rarely, in such a 
form, be of any use or value. Such views of polarity 
can never teach us in what cases we are and in what 
we are not expected to find polar relations; and indeed 
tend rather to diffuse error and confusion, than to pro- 
mote knowledge. Accordingly we cannot her surprized 
to find such doctrines put forward by them authors as 
an evidence of the small value and^mall ijecessity of 
experimental science. This* is done by the celebrated 
metaphysician Hegel, Encyclopcedia^^, ‘Since,* 
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sSyThe, * the plane of incidence ajSIfi of reflection in 
simple reflection is the same plane, whei^ a second 
•reflector is introduced which further distributes the 
illumSiation reflected from the first, the position of 
the first plane with respect to the second plane, con- 
taining the direction of the first reflecijon and of the 
second, ^fias its influence ^pon the position, illumina- 
tion or dSMceningaof^th^ object as it apnears by the 
second reflection.^ This influence must be the stroflgest 
when the tyo planeft are what w% must c^ tiegaiivdy^ 
related to each other : — ithat is, when they are It light’ 
angles.’ ‘But,* he adRs, ‘when meJh infer (iis Malus 
has done) from IJtC mqiftification whibh is produced by 
this situation, in the iMuminatioi^of the reflectiem, that 
the molecules of light in tlfem’scl'^es^ that is, on their 
different aides, possess different physical clergies ; and 
when onPthis foundation, aloi^g with the phenomena of 
entoptical colours therewith connected, a wide laby- 
rinth of the moat complex theoiy is erected ; we have 
then one of the most remarkabk) examples of the infer- 
ences of physics from experiment.’ If HegeFs re^i^ion 
ing prove anything^ it m^^st pro'^e* tliat^jwlaiization 
always accompanies reflection undft* such circiun- 
stances as he descriljjes : yet ^1 physical philosophers 
know that in the case of metal^ in which the reflection 
is most complete, light fe not completely polarized at 
any angle; and that in other substances the polariza- 
tion depends upon various circumstances which show 
how idle and inapplicable is the account which he thus 
gives of the property. His self-complacent remark 
al)out the inferences of physics from experiment, is in- 
tended to recommend by comparison his own method 
of considering tfce nature of ‘ things in themselves a 
mode of obtaining physical, truth which had been more 
than exhausted bjr a^iistotle, and out of which no new 
attempts have extracted anything of value since his 
tim€^ ^ ^ 

1 4. Thus the generaf conclusion to which we are 
led on^his subject, is,^ that tlj^ p^uask>u of th^ exist- 
ence andOpnnexion or Identity of •various Polarities in 
naturef although very naturally admitted, aniJ in many 
^VOL. 1. • * ^ ^ cc 
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cases interpreted Viid coniiiiued by observed facts, unoi 
itself, so far as we at present possess it, a very insecure 
guide to scientific doctrines. When it is allowed ^o* 
dictate our theories, instead of animating and eStend- 
ing our experimental researches, it leads only to errour, 
confusion, obscurity, and mysticism. 

This Fifth Book, on the. subject of Polarities, is a 
shori one compared with most' of the others. This 
arisdl in a great measure from the circumstance that 
rthe Idea Polarity has only Recently .been appre- 
*^liended*and applied, with any freat degree of clejimess, 
among jjhysical pliHosophers; a6d is even yet probably 
entcriain^ iif ai^ obscure andafimbigiious manner by 
most experimental im^ufreiu I have been desirous of 
not attempting to bring forward any doctrines upon 
the subjectf excep/ such as have been fully illustrated 
and exemplified by the acknowledged progrei.s of the 
^ physical sciences. If I had been willing to discuss the 
vaiious speculations which have been jmblished respect- 
ing the universal, j)revalence of Polarities in the uni- 
verse, and their results in every province of nature, I 
might easily) hav€ presented this^ subject in a more 
extended form ; ^ut this yvould not have been consist- 
ent with my plan of tracing the ^influence of scientific 
^deas only so far as they have really aided in disclosing 
and developing scientific trut?*s. And as the influence 
of this Idea is clearly distinguishable both from those 
which precede and those which follow, in the character 
of the sciences to which dt gives rise, and as it appears 
likely to be hereafter of great extent and consequence, it 
seemed better to treat of it in a separate Book, although 
of a brevity disproportioned to the rest. 
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